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PREFACE. 


HAVE in the Introduction and in the fol- 
lowing Book ſaid ſo much concerning Infinite 
Decimals, and the Management of them in A- 
rithmetical Calculations, that I think I may be very 


- juſtly excuſed from making a long Preface.. And in- 


deed were it not to have comply'd more with Cuſtom, 
than with my own Inclination, I ſhould have made 
none at all. However, to gratify ſome Readers by the 
Way of Prefacing, I choſe here to place the following 


Remarks. | 


7. The univerſal Application of Decimal before all 
other Kind of Fractions to every Branch of Mixt Ma- 
thematics, beſpeaks their Superlative Excellency, more 
than all the labour'd Periods of Encomium can pofſi- 
bly do. Wherefore I am inclin'd to believe, that I 
ſhall be readily excuſed, if I ſpare myſelf the Pains 


of making any on their general Uſefulneſs, or indeed 


of giving myſelf the Trouble ( by long Harangues ) 
of recommending to my Reader the abſolute Neceſ- 
ſity, that every Arithmetician lies under, of perfectly 
knowing the moſt exact Way of managing them. 


2, But however, I ſhall take the Liberty in this 
Place to make the following Obſervation ; viz. That 
no Perſon, who is ignoraut of the Arithmetic of Infi- 

1 nite 
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nite Decimals, can be faid to underſtand Decimal 
Arithmetic perfectly well; becauſe without its Aſſiſt- 
ance the Reſult of his Operations muſt generally be 


imperfect, and the Error very conſiderable too, when 


he deals with large Numbers. For Inſtance; 


Let us ſuppoſe the following Finite Mixt Number, 


vi. 96,75, was given to be multiplied by ,06, where 
6 would infinitely repeat from the Place of Hun- 
dredths of an Unit. 


| Now in Conſideration that the Integral Number in 
the Multiplicand is ſo little as 96, and the Multiplier 
in appearance is ſo diminitive as ,o6, from thence I 
readily believe that almoſt every Practitioner in Com- 
mon Decimals would be content to give their Product 
as with two Finite Expreſſions, which is 5,805; 
whereas its Mathematical exact Product is 6,45 : So 
that the Defect of the Former would be ,645, which 
is too little by juſt the one Ninth of its Common Pro- 


duct. And if fo conſiderable an Error will ariſe from 


ſuch ſmall Numbers, as above, how great may the 
Defe& be, when we deal with very large Numbers ! 
For, unleſs the Practitioner in common Decimals be 


careful to make every Approximate Factor to con- 


fiſt of Eight or more Figures deep in its Fractional 
Part, the Error will be very confiderable. And in- 


deed let him, if he pleaſe, make them Millions of 


Figures deep, yet after all his Labour the Reſult will 
be imperfect. Whereas the following Sheets will in- 

ſtruct him how to find the Reſult mathematically « . 
act in a very narrow Compals. 


3. Who 
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3. Who therefore, among ſuch as deſire to be 


eſteemed Compleat Arithmeticians, would now con- 


tinue longer ignorant of the Arithmetic of Infinite 
Decimals? Which the following Tract, I do not 
doubt, will render very eaſy and familiar even to every 
common Capacity: And that too upon the Principles 
of Vulgar Fractions only, without having recourſe to 
any Complext Algebraical Theorem for its Aſſiſtance. 


4. It being natural for the Reader to expect, ac- 
cording to the general Cuſtom of Prefaces, that the 
Author ſhould ſomewhere in this Place give him a 
ſuccinct Account of the Particulars which he may 
meet with in the Body of his Work, ſo, whoever 
will turn to the Contents of this Book, he will there 
find a very ample Account of the Order or Succeſſion 
of the ſeveral Parts of the whole Compoſition ; to 
which therefore, to avoid Prolixity, IJ muſt here refer 
my Reader. 


s. As for my Stile, I have endeavoured to make it 
as plain and uniform, as the Nature of the Subject 
will give leave. And for the Redundancies ( or if my 
Readers rather chuſe to call them Tautologies ) which 


are here and there to be met with, J hope they will 


turn out an Advantage to the mere Eng/:/h Scholar. 
For I have for many Years experienced, that where 
different Rules have been delivered in the leaſt Variety 
of Diction, there Youth in general have made the 
quickeſt Progreſs. 5 


Wherefore, as I deſign'd my Compoſition for the 
Uſe of the moſt Illiterate, I have been the more care- 
ful to uſe as few Variations in Expreſſion as agreeably 
with plain common Senſe I well could. 3 

An 
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6. And laſtly, J hope that throughout the Whole 
there are no material Faults. If upon Peruſal any ſuch 


ſhould appear, I ſhall be very thankful to that Perſon 
who ſhall be ſo kind as to apprize me of them. Such 
ſmall Errata as commonly attend both Pen and 
Preſs, in Numerical Books eſpecially, I doubt not but 
that every unprejudiced Reader will candidly excuſe 
and correct. 11 5 


To avoid any Miſconſtruction, the Reader, before he per- 
uſes the Book, is deſired to correct the following Errata. 


JN the Introduction, Page vii. line 2 1. for Gentleman read Gentlemen, In the 


Book, P. 14. 1. 16, 17. for =2754753 . =2754726. P. 22. I. 14. for Expreſ- 


fions 7, Expre ſſion. P. 39. I. 3. for 2899 5 339 + P. 52. I. 21, remove the Speck 
ä OP 1056 

from 5 to its next Figure 9. P. 53. I. the laſt, for 12345678 r. 123456788. P. 59. 

I. 12, place a Speck over the firſt Place in Decimals, | Pp. 61. I. 7,7. | £ Is Þ. of 


Ex. 4. for 00397317 r. 00307315. P. 70. 1. 2. r. multiply 6 by 8. P. 73. 
J. 15. the Number 112 500 ſhould have been ſet one Place more towards the Left- hand. 


P. 80. I. 20. for 32,00 r. 320,0. P. 99. l. 20. for 22 r. 22. P. 110. I. 8, dele the 
Speck over the latter 7. P. 112. I. 14. for 78,048 r. 78,048. line the laſt, for $78,04 
r. 858, 04. P. 118. J. 4. for 57945 r. 57945. P. x50. I. 3. for 00411 7 ,0041T. 
b. 151. I. 7. fir ſquared 7. Square. P. 154. 1. 16. for ,45 7. 45. P. 156. 1, 13. 
for 3 7 ;. P. 159. I. 3. for 8 17. 8 1. P. 160, l. 12, r, 8846 1 53 7. „8846 153. 
P. 162. 1.8. for 1714285 r. 1774285. 
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An EXPLANATION of the CHARACTERS 
and ABBREVIATIONS made uſe of in the following 


© Sheets, 1 
CHARACTERS. Nanns. SIGNIFICA TIONS. 
„ Equal to. The Mark of Equality. As 
E. S. 
1 =:20: 


＋ Plus, or More. The Mark of Addition. As 
| 9-- 6 = 15 ; read ꝗ plus 
or more 6 are equal to 15. 


WH Minus, or Leſs. The Mark of Subtraction. 
As 9g—6=3; read 9 mi- 
nus or leſs 6 is equal to 3. 


„ MNultiplied by. The Mark of Multiplicati- | 


on. As 9x6==54 ; read 
9 multiplied by or into 6, 
is equal to 54. 


— Divided by The Mark of Diviſion, As 
Fa 1 
9 6 (or thus 6 ) = 


1 3 
12 read 9 divided by 


6 is equal to 1 


7 Square Root. As / 36 2 6; read the 


Square Root of 36 is equal 
to 6. 


Hence then - 7 12 = - is read thus; 2 multiplied 
by 9, to whoſe Product add 7, and that Sum divided by 
go, is equal to 25 divided by 90. 

OY ABBRE- 


RN" ITY 
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ABBREVIATIONS. 
Nunr- for Numerator. | 
— Denom" for Denominator. 
E. S. F. for Equivalent Single Fraction or Fraftions. 
| E. V. F. for Equivalent Vulgar F raction. 
C. P. for Common or Firſt Product. 


In making uſe of the above Symbols or Characters, we 
avoid many and frequent Repetitions of the fame Words. 
And by it alſo we have this farther Advantage, viz. of com- 
priſing the whole Subject in, or nearly with, two Thirds 
of the Paper that the verbal Way would neceſſarily re- 


quire. 
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INTRODUCTION. 


VERY Perſon, converſant in Decimal Fractions, 

muſt have obſerved, that in the turning of a Vulgar 

Fraction into a Decimal Fraction, it is very rare 
that the Quotient is finiſhed off without leaving any Re- 
mainder. - | 


And they muſt likewiſe have taken notice, that in the 
Quotient, which turns not out a perfect, determinate, or 
compleat Decimal Expreſſion, they often find either the 
fame Figure, or Figures, continue to occur ſomewhere in 
the Quotient; and that, if the Diviſion were continued on 
ad infinitum, the ſame Figure, or Figures, would be infi- 
nitely repeated in the Quotient. And ſuch Decimal Ex- 
preſſions as theſe, are therefore called interminate, indeter- 
minate, or infinite Decimals, in Contradiſtinction to a per- 
fect, determinate, compleat, or finite Decimal Expreſſion. 


But as to the Management of infinite Decimals in Arith- 
metical Operations, by Addition, Subſtraction, Sc. the 
Age (and many Years after) in which Doctor Wallis pub- 
liſhed his Hiſtory of Algebra, which was in the Year 1685, 
was entirely ignorant of : For the Dr. who wrote the Hi- 
ſtory of Decimals, is wholly ſilent therein, not giving ſo 
much as a Hint at a Method how to add or ſubſtract them, 
Sc. but by Approximation only. Whereas now, by the 
_ Improvements lately made, it is poſſible to give the Sum, 

or Difference, the Product, or Quotient of any Fractions 
whatſoever, not ſurd Roots, in Decimal Expreſſions ma- 
thematically exact. | 
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As ] intend this InTRopucT1on as an Hiſtorical Account 
of the Progreſs, made from Time to Time, in the Ma- 
nagement of infinite Decimals, till they lately aroſe to their 
preſent Perfection, I beg leave here firſt to tranſcribe from 
the learned Doctor's Hiſtory of Algebra part of Chap. 89, 
which contains. his. curious. Remarks. on that of. repeating 
Decimals. | | 


The Dr. having treated, among other mathematical Sci- 
ences, of the method of Exhauſtions, and the Arithmetic 
of Infinites, which depends on that of Exhauſtions, as alfo of 
the Method of infinite Series, or continual Approximations 
(grounded on the ſame Principles) ariſing principally from 
Diviſion and Extraction of Roots in Species infinitely con- 
tinued ; hath in the above Chapter made the following curi- 
ous Obſervations upon circulating Decimals. 


This Diviſion in Species, is much of the ſame Nature 
(but more univerſal). with that (in Numbers) of reducing 
common Fractions to Decimals : which ſometimes ends in 


: I I 3 
a determinate Quotient: As 2 5: SO 280,1: 


| | 1 
2,25 —=0,125 : =0,1 5: oa Which 


then happens, and only then, when (the Fraction being firſt 
reduced to the ſmalleſt Terms) the Denominator (or Divi— 
ſor) is compounded of no other prime Numbers than 2 and 
5, (of which 10 is compounded.) 


But if the Denominator (ſo reduced) be compounded of 
any other prime Number (than 2 or 5) the Quotient will 


be interminate: As =, 3 333 Sc. 066 S. 
2121 11 


0,0909 Sc. —=0, 1818 Sc. -,=0,076923076923 Se. 


4 2 | 
——==0,148 148 Sc. — -0,054054 Oc. 
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In which Caſe there is yet always this Concinnity, that 
after ſome time, the Numbers do again return, and circu- 
late in the ſame Order as before : ſometime in a Repetition 


of one ſingle Figure, (as was ſeen in - 70 Sometime , 

oy” „„ n 
of two or more, (as in 115 1j˙ 25 = but always, 
if not ſooner, it doth at leaſt begin to return in ſo many 
Places as are the Number of Units in the Diviſor. 


For inſtance, — —0,142857142857 &c. For the Di- 
viſor being 7, the Remainder muſt always be leſs than it; 


and therefore 1, 2, 3, 4, 5 or 6: So that in the ſeventh 


Place, at leaſt, if not before, one of the Remainders muſt 
needs return a ſecond Time: And the ſame Remainder 
returning as before, the ſame Figure or Figures in the 
Quotient muſt alſo return; and ſo onward. 


The Number of Figures therefore which do thus circu- 
late, is never more than the Number of Units in the Di- 
viſor, wanting one. But many times, it is only an ali- 
quot Part of ſuch Number, or ſome leſſer Number which 
is not an aliquot part of it. | 


And to know when this happens, the Fraction being 
firſt reduced to its ſmalleſt Terms ; and the Denominator 
of that (reduced) Fraction, being farther reduced, by di- 
viding it by 2 and 5 (the Components of 10) as off as 
it can: If then it come to be q, 99, 999 Sc. ( conſiſti 
only of the Figure 9 repeated, ) or an aliquot part of — 


Number; fo many as are the Figures of 9 in ſuch Num- 


ber which firſt occurreth, ſo many are the Figures of ſuch 


Circulation. 


Thus, if the Diviſor or Denominator of the Fraction 
be 9,3, (=2x3,) 12 ( =2x2x3, ) 15 (N,) Se. 
the Circulation is of ſingle Figures; becauſe in 9, that Fi- 
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gure is but once written; and g is an aliquot Part of 9 
and 6,12, 15 are made by Multiplications of 3, by 2, or 5, 
( the Components of 10. ) | 


If 99,11,22 (=2Xx11,) 33,55 (=5X11,) 66 (=2x33,) 
Se. the Circulation is of two Figures, becauſe 99 is de- 
noted by 9g twice written; and 11, 33, are aliquot Parts of 
993 and 22, 55, 66, Sc. are made by Multiplications of 
one of them by 2, or 5: (I do not here mention 9, or 3, 
though theſe alſo be aliquot Parts of 99) becauſe theſe ap- 
pertain to the former Rank; and therefore admit not only 
of Circulation by Couples, (but even by ſingle Figures.) 


If the Diviſor (ſo reduced) be 999, 27, 34 (S2, 
135 ( =5X*27,) 37,74, { =2*37.) Se. the Circulation for 
like reaſon is of three Figures. If 13; it is of 6 (the 
half of 12, which is 13 1, ) becauſe 13 doth accurately 
divide, or is an aliquot part of 999999, wherein 9 is ſix 
times written; (but not of any Number defigned by the 
Figure of 9 fewer times repeated.) wy 


If 21, (which is not. a prime Number:) it is of fix 
Figures, (which yet is not an aliquot Part of 20=21—1,) 
becauſe it divides 999999. Or thus, becaufe 21 is a 
Compound of 3x7 ; whereof 7 requires ( as before) a Cir- 
culation of 6 places; but 3 a Circulation only of 1 place, 
( which is an aliquot Part of 6,) this (ſixtimes repeated) 
will terminate with one Revolution of 6 places. | 


And the like of 775=7x11 ; becauſe 11 requiring but a 
Circulation of 2 places, ( which is alſo an aliquot part of 
6, ) three of theſe Circulations will terminate with One fo 
the Number 7, which is of 6 places. | 


So 259=7x37 3 becauſe 37 requires but a Circulation of 
3 places (which is alſo an aliquot Part of 6 ; ) two Circu- 
lations of this, will end with One of that for 7. And the 
like in other Caſes. | | 


But 
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But if the component prime Numbers, (other than thoſe 
of 2 and 5, before conſidered,) be ſuch as require Circula- 
tions, whereof the one is not an aliquot of the other; then, 
(though the one be of fewer places, yet)will the compound 
Circulation be more than that of the ſingle greateſt ; 
namely, of ſo many places as is a Number diviſible by 


both thoſe for the Components. 


As for 3 11 requires a Circulation of 2 places, 
and 37, one of 3 places; therefore 407=11x37, will re- 
quire one greater than either; namely, one of 6 places, 
(this being the firſt Number that may be divided by 2 and 
3,) that ſo 2 Circulations of the one, may end with 


3 of the other. 


The like for 297 X27; N 27 a not a 
prime Number) requires a Circulation of 3 places. 


And the like Eſtimate is to be made for other com- 
pounded Numbers. 


All which yet is not ſo to be underſtood, as ik this Cir- 
culation did always take its beginning from the firſt Place 
of Decimal Fractions. For when the Denominator or 
Diviſor is compounded of 2, or 5, or any Powers of 
theſe, it begins not till ſometime after ; that is, not till the 


Influence of thoſe Components ceaſe to operate; that is, 
not till after ſo many places as is the Number of ſo many 


Dimenſions of 2 or 5 4 | oma in that Cc 


Thus 5 =0,61 666685e.For codiy ali As 1 (4530 


is the ſame as to divide it firſt by 4, (which gives a ter- 
minate Quotient, extending to two places of Decimal Frac- 


tions, ” =1,25 7) and then to divide this Quotient by 3, 


2255 =6,41666, Ge.) Which Diviſion by 3, doth 
| | therefore 
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there fore not operate ſingly, till the 3d Place of Decimal 
Fraftions ; when all the ſignificant Figures, of the firſt 


Quotient are ſpent. $0—=0,13 333 Cc. that is (becauſe 
of 15=5x3,) - S, 4. And 8 20, 13333 Sc. And 


76 =0,803571428571428 &c. That is, ( becauſe of 
f - goes 5 
e 220 gs and on = Ord0g 573420 gre 


28 Sc. And the like in other Caſes, 


I have inſiſted the more particularly on this, ( ſays the 
Dr.) becauſe I do not remember that I have found it ſo 
conſidered by any other. 


But the Concinnity (continues the Dr.) which thus ap- 
pears in the interminate Quotient of a Diviſion, (the ſame. 
Numbers again returning in a continual Circulation ; ) is 
not to be expected in like Manner in the Extraction of 
Roots, { ſquare, cubic, or of higher Powers.) For though 
the ſurd Root may be continued by Approximation in 
Decimal Parts, infinitely : Yet we have not therein the 
like Recurrence of the numeral Figures in the ſame Order, 
as in Diviſion we had. 


As / 2=1,41421356--. Which yet hinders not but 
that this Approximation may be ſafely admitted in prac- 
tice z and if ſo ſuppoſed infinitely continued, muſt be ſup- 
poſed to equal the Root of that ſurd Number; as truly as 


0,33 33 3 Sc. infinitely, to equal : 


Thus ends, on this Subject, as great a Mathematician as 
any in his Time. Upon whoſe Obſervations, I doubt nor, 
Men began to ſpeculate, and at laſt to contrive a Me- 
thod ( unthought of then) how to apply the Doctrine of 
Circulates to Arithmetical Operations. 


N. B. 
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VM. B. When I come to treat in this Book cencerning 
Involution, and Evolution, or the Extraction of Roots, 
whether of ſquare, cubic, or of higher Powers, I ſhall there 
exhibit Examples, ſeemingly irrational or furd Numbers, 
which will have, in their Roots, the ſame Numbers again 
returning in a continual Circulation, as appears in the in- 
terminate Quotient of a. Diviſion. And in that Place I 
ſhall alſo make it evident, that an infinite Number of ſuch 
Examples might be produced; though I am very ſenſible 
that it may be but ſeldom that any ſuch Examples ſhould 
occur in Practice, yet whenever any ſuch ſhall happen, its 
Root will then conſift of a mathematical exact Anſwer, 
and be as correct an Expreſſion, as is the Root of n ra- 


tional Number whatever. 


The next Author which came to my Had and occa- 
fionally treats on the ſame Subject with Dr. Vallis, was the 
Ingenious Mr. Jones, who in his Smnopſis Palmariorum Ma- 
theſeos, publiſhed in the Year 1706, pag. 104, 105, re- 
Cites conciſely, and that but a) Part — n= what the Dr. 
had largely explained before. 


[chin ſince the above Gentleman, Mr. Ward, in his 


Young Mathematician*s Guide, page 69, and other Au- 
thors, content themſelves only with informing their Rea- 


ders that ſome Numbers will. circulate, but none of them 


ſo much as intimate a Poſſibility of applying ſuch circula- 
ting Numbers to any arithmetical ay au FE bur Pp way 
of Approximation _ t 


The firſt Author on the following Subject, (ſo far as I 
can learn) who appear'd in Public, and applied circulating 
Numbers to arithmetical Operations, was the Reverend 
Mr. Brown, in his Syſtem: of Decimal Arithmetic, publiſhed 
in the Year I ſuppoſe about the Years 1708, 

or 1709: But I muſt leave its true Date for others to fill 
up; for after a very careful Enquiry in various Parts of 
this 1 and a long Expectation for a Sight of that 


Book, I could not be ſo happy as to obtain it. Where- 
fore 
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fore my Readers muſt be content with ſuch Informations of 


this Author's Performance as I ſhall tranſcribe from Mr. 
Cunn, and from Mr. Malcolm. a 


The former Gentleman, in his Preface, obſerves, that 
though this Method of uſing Fractions is abſolutely ne- 
ceſſary to be known, yet no Treatiſe hitherto extant hath 
ſufficiently handled it: And remarks this, That the Re- 
verend Mr. Brown, in his Syſtem of Decimal Arithmetic, 
manages ſuch interminate Decimals as have a ſingle Digit 
continually repeated; but in Multiplication uſeth only ſuch 
Factors as will produce a ſingle Repetend in the Product, 
(being, as I ſuppoſe, continues Mr. Cunn, unwilling ſo 
much as to mention compound Repetitions) and in Divi- 
ſion leaves the Practitioner to work without Exactneſs. 
Vide Cunn's Preface, page 5, 6. \ 


The latter Gentleman, in his Preface, remarks, That 
Dr. Wallis is probably the firſt, as he has himſelf obſerved, 
who has diſtinctly conſidered this curious Subject of circu- 
lating Decimals. He has (ſays Mr. Malcolm) given us 
the fundamental Theory of it, but without Demonſtrati- 
on; nor has he meddled with the practical Part, or Way 
of managing infinite Decimals in arithmetical Operations. 
And Mr. Brown, in his Decimal Arithmetic, has handled 
but one ſingle Caſe of the Practice, and that not com- 
pleatly neither. Vide Malcolm's Preface, page 11. | 


However, in my Opinion this firſt, though little, Inti- 
mation towards the Arithmetic of circulating Numbers, 
brings no ſmall Reputation to that Reverend Gentleman ; 
for probably it was his Performance, that ſet others upon 
thinking how to apply it more univerſally. 


The firſt Book that came to my Hands, which treats of 
the Arithmetic of Circulates, is a Treatiſe wrote by the 
Ingenious Mr. Cunn, entitled, A new and compleat Treatiſe 
of the Doctrine of Fraftions, firſt publiſhed in the Year 
1714. Wherein he hath exhibited the Arithmetic of. many 
curious Examples, both in ſingle and compound circulating 

Decimals, 
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Decimals, pure and mixt; being the firſt * Work on 
the Subject. 


And had this Gentleman done, wht in his Proface he 
ſaid he firſt deſigned to do, viz. to have given Demon- 
ſtrations to his Examples, I am perſuaded: we ſhould then 


have had no new Book on this Subject very ſoon, or at leaſt 
had no occaſion for one: But, unhappy for the young 


Learner! He wrote very conciſely, and in a way not 
eaſily to be comprehended by any. Nay, the great Mr. Mal- 
colm, in the Pretace, page 11. to his (in my Opinion) incom- 
parable New Syſtem of Arithmetic,publiſhed in the year 1730, 
does not ſtick to ſay, that Mr. Cunn has choſen to expreſs 
his Rules in ſuch a manner, as to ſet the Reaſon as far out 
of view as poſſible. And a little lower he adds, I muſt 
obſerve this further Effect of Mr. Cunn's Way of delivering 
theſe Rules, That by themſelves one could never or very 
hardly be led into the Reaſon of them. However, in 
the ſame Preface, Mr. Malcolm acknowledges himſelf to 
be indebted to him for one or two uſeful Hints. 


Indeed it muſt be allowed, that Mr. Cunn was every way 
qualified to have ſet his whole Subject in a clearer Light, 
as is evident from his many curious Examples; but what 


prevented him from doing it I cannot ſay. 


And I frankly own it coſt me no little Pains, ſome Years 
ago, to diſcover the Reaſons of the ſeveral Methods made 


ule of by this Gentleman. 


I muſt not let Mr. Cunn paſs, as the ſole Improver of 
this valuable Subject; no: He is fo ingenuous and grateful 
as to acknowledge, in his Preface, that he cannot forget his 


Friend Mr. Robert Flavell, Schoolmaſter in St. Giles's in 


the Fields, whoſe Hints and particular Methods had con- 
tributed to his Diſcovery of the Nature and Laws of cir- 


culating Fi * 


That the Memories of the above Gene may be pre- 


ſerved for theſe their joint Labours, and remain in high 
C Eſteem 


2 INTRODUCTION. 


Eſteem among Mankind, as long as Numbers continue to 
be uſeful to the World, is the hearty Wiſh of one of their 
Admirers. For no Perſon, who is ignorant of the Arith- 
metic of Infinite Decimals, can be ſaid to underſtand De- 
cimal Arithmetic perfectly well; becauſe without its Aſſiſt- 
ance the Reſult of his Operations muſt generally be imper- 
fe, and the Error very conſiderable too, when he deals 
with large Numbers. And if one did not daily fee Im- 
provements made in almoſt every Art and Science, one 
ſhould be tempted to affirm, that now Decimal Arithme- 
tic was brought to its utmoſt Perfection. But to proceed. 


Mr. Malcolm's Syſtem, above recited, was the next Book 
on this Subject, that came to my Hands; wherein that 

great Author treats the whole Doctrine of Infinite Deci- 
mals in a manner ſomewhat different from either of the 
Authors before-mentioned, which take in his own Words : 
& That in the Rules of Multiplication and Diviſion, 
„ (which are the more complex and difficult Parts) Mr. 
« Cunn's Directions are not ſo eàſily followed; and are be- 
4 ſides much harder for the Memory than the Method I 
„ have choſen, which depends all upon the eaſy and na- 
te tural Explication of one ſingle Propoſition z viz. the 
ec finding the finite Value of (or Vulgar Fraction equal to) 
« any circulating Decimal : for though the Demonſtra- 
c tions are omitted, the Rule ought to be as ſimple and 
«« eaſy as poſſible. But I muſt obſerve this further Effect 
« of Mr. Cunn's Way of delivering theſe Rules, That 
«© by themſelves one could never, or very hardly, be led 
e into the Reaſon of them, nor conſequently into the Way 
% have choſen ; ſo that it will be the more eaſily be- 
« leved that the Rules I. have given, are the Effect of 
«© Speculations made upon this Subject, before I faw this 
e BOOK; which IT mention for this Reaſon only, that 1 
„ may not be thought ungrateful to one whom I acknow- 
* [edge the firſt Author (the firſt great Improver Mr. 
Malcolm ſhould have ſaid ) * upon this Practice, from 
« whom therefore I might otherwiſe be ſuppoſed to have 


® Vide te Preface. 


„ bor- 
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c borrowed or deduced all that I ſay; and yet I do ac- 
« knowledge I owe him one or two uſeful Hints,” Vide 


Malcolm's Preface, page 12. 


Indeed we are greatly obliged to this Gentleman for ſet- 
ting that Propoſition, with many others on this Subject, in 
ſo clear a Light ; but whoever will carefully look into 
Mr. Cunn's Examples, both in Multiplication and Divi- 
ſion, will find that he well underſtood that Propoſition alſo, 
though he no where particularly remarks or explains it. I 
muſt confeſs tis hard, nay almoſt impoſſible, for a young 
Learner to find out why or wherefore Mr. Cunn made uſe 
of other adequate figural Expreſſions inſtead of thoſe he 


firſt propoſed. But I ſhall in ſome places in this Tract. 


have an occaſion to make a few more Remarks on thoſe 
two laſt Gentlemen; therefore ſhall proceed now to the next 
Author who wrote on this Subject, vz. 


The ingenious Alexander Wright, A. M. Writing- 
Maſter at Aberdeen; who likewiſe in his Treatiſe of Frac- 
tions, publiſhed in the Year 1734, treats of the Arithmetic 
of Infinite Decimals. But as he therein freely owns that he 
proceeds wholly on the Foot ef Mr. Malcolm, I have nothing 
to remark on his Method; but do here adviſe the Edi- 
tor of his Book, before it paſſes into a ſecond Edition, to 
be careful (for the Sake of the young Learner ) to correct 
what is amiſs in Chap. xvii. which ought to be all new 
wrote except its Rule, the firſt Example and the laft. The 
Book in general well anſwers its Title, viz.. A plain, eaſy, 
and compleat Syſtem of Practical Fractions, both Vulgar and 
Decimal ; and I know not if there be a better Book on 
the Subject of Fractions of its-fize. 


The next Book on this Subject, which came to my 


Hands, was a very laborious and curious Performance of 


Mr. Benjamin Martin of Chicheſter, entitled, A new, com- 
pleat, and univerſal Syſtem or Body of Decimal Arithmetic, 
printed ſo late as 1735. Where the Author in his Preface, 
ſpeaking of his Management of Infinite Decimals, ſays, 
The Foundation on which I have built this Superſtructure 
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xt INTRODUCTION. 

is Mr. Cunn's ſmall, but learned, Treatiſe of the Doctrine 
of Decimal Circulating Numbers ; and with this Remark. 
But that great Maſter having laid the Foundation deep, 
and in a great Meaſure out of the vulgar Ken, I thought 
it might be of Service to young Students, a little to diſ- 
cloſe and hy it more open to their View. 


And I could heartily wiſh that Mr. Martin had therein 
been more copious on this Subject, for the Sake of the 
young Student. In my Opinion no body better qualified than 
himſelf, to have made it exceeding eaſy and familiar to 
every common Capacity; which had he done, in all pro- 
bability this attempt of mine had remained ſtill in Obſcu- 
'Tity : In which, how well I have ſucceeded, I muſt leave 
to others to determine. Not but that I take this Gentle- 
man's Book, altogether, to be far, very far, the beſt 
Syſtem of Decimals that ever was. publiſhed, or perhaps 
that this Age can hope or expect to ſee; containing their 
Applications whether Arithmetically or Geometrically to 
all uſeful Knowledge to the beſt Advantage in the various. 
Arts, Trades, and Buſineſs of Life : In ſhort, it is impoſ- 
ſible to ſay too much in Commendation of this his truly 
new and curious Syſtem :» its Contents will beſt be ſeen at 
the End of this Book where it is advertiſed. 


The laſt Book which J have ſeen, that treats on this 
Subject, is Mr. William Pardon's zew and compendious Syſe 
tem of practical Arithmetic, printed in the year 1738; 
wherein the Doctrines of whole Numbers and Fractions, 
both Vulgar and Decimal, are ſet in a clear Light, and 
fully explained; and in which he hath followed Mr. Cunn's 
Method of managing Infinite Decimals, much after the 
manner with Mr. Martin, in the four primary Rules. It 
is a valuable Book, and I wiſh its ingenious Author a ſui- 
table Encouragement for his uncommon Pains. But I beg 
leave in this Place, with all due Reſpect to the Author, to 
point out to him an haſty or inaccurate Aſſertion in the Body 
of his Book, page 171. where treating of the Property of 
ſome vulgar Fractions, in their producing ſuch and ſuch 
repeating Decimals in their Quotients, he there affirms, 

That 


INTRODUCTION xii 
That others there are (referring to Vulgar Fractions ) 
which only approximate and never circulate ; and gives 


for Examples 7 „and IT Whereas every vulgar Frac- 
tion will turn out either a Finite Expreſſion, or a pure or a 
mixt circulating Expreſſion ;, as manifeſtly appears from 
Dr. Valliss Obſervations before recited. For though Mr: 
Malcolm, in page 467, ſays, Incertain Decimals are ſuch 
whoſe Numerator goes on for ever, (goes on infinitely, 
ſays Mr. Wright in his Tract, page 136.) without a con- 
ſtant Circulation of the ſame Figure or Figures, yet Mr. 
Malcolm in the ſame Page very juſtly obſerves, That no In- 
certain Decimal can ever ariſe from any Finite aſſigned 
Fraction; and that when they do, as in ſome Caſes, ne- 
ceſſarily occur in Practice of Arithmetic, ( viz. in the Ex- 
traction of Surd Roots ; ) there is then no poſſibility of 
ſupplying their Defects perfectly, ſo that we muſt be con- 
tent to do it by way of Approximation. 


However, it muſt be allowed, that when even the Quo- 
tient runs deep e're the Circulation ends, we muſt be con- 
tent to take an Approximant Decimal, inſtead of the Cir- 
culate, to avoid much labour and trouble. For ſuch as 


47 will give, 72413793 1034482758 6206896551 infi- 


nitely repeated in its Quotient. And Th will give, 676 


10062893081 where 7610062 e. would infinitely repeat 
in its Quotient. | 


What induced me to take ſo much Notice of the above 
Aſſertion, did not proceed from a cavilling Diſpoſition, 
(be that far from me) but in order to prevent any Miſtakes. 
that might ariſe from a young Student's imbibing wrong 
Principles; for I am perſuaded that this Miſtake of Mr. 
Pardon's aroſe from an Overſight, and not from want of 
Judgment. | | 


And: 


xiv INTRO UCTION. 


And laſtly, to conclude——The Reader might reaſona- 
bly expect that I ſhould in this Place give him ſome Ac- 
count, iſt, What prevailed upon me to write a new Trea- 
tiſe on this Subject, after ſo many learned Authors. And 
2dly, That I ſhould alſo inform him particularly wherein 
I differ from them in the Management thereof. 


As to the firſt, I thought a Treatiſe wrote entirely by 


itſelf on the Subject, without being mixt with other arith- 
metical Rules, would be the more acceptable Book, eſpe- 
cially to ſuch Students who think they have Books enough 
by them already on the ſeveral common Branches of Arith- 
metic. 


And as to the ſecond, In the firſt Place I flatter myſelf, 


and I hope not without ſome Foundation, that mine will 
ſerve as a Key to open all the ſeeming Difficulties that 
young Learners may meet with in any of the Authors who 
have gone before me on this Subject. In the ſecond Place, 
upon the whole, my Reader will meet with many things 
here, which are no where elſe to be found. And laſtly, I 
here aſſure my Reader, that I have made it my utmoſt En- 
deavour that my Book ſhould every way anſwer to its 
Title Page, which, how well I have performed, let my 
Book declare for me: Tis but a little one, yet J hope its 
Uſefulneſs will prove larger than its Bulk; ſuch as it is, 
tis heartily at your Service as well as its Author. 


From my School in Sarum, 


September 20. 1740. Jo HN MA Rs H. 
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DECIMAL ARITHMETIC 
MADE PERFECT, Ee. 


CHAP. I. 


H AT an Infinite, or Circulating Decimal Ex 
Preſſion is, hath been already ſhewn in the fore- 
| going Introduction. And as there are many 
. Definitions and Propoſitions neceſſary to be known 
for the Management of theſe, and of all other kinds of 
circulating Expreſſions, before we can readily give their 
Sum, or Difference, or Product, or Quetient; I ſhall to 
each (as they occur in Point of Place, or Order) prefix 
the Figures 1. 2. 3. 4. 5. Cc. The Uſe and Advantage of 


which will ſoon appear. 


Definitions and PA 


1. The Figure, ( or Figures) continually repeating in 
any Numerical Expreſſion, is called a Repetend, or Circu- 
late, ( for they are *r Terms.) And the firſt Fi- 


gure (or Figures) of either 1 Is called the Given Repetend, 
or Circulate. | 


2. nend are either Single or Compound. 


3. A angle a is chat, which conſiſts of one Fi- 
gure continually circulating: As 7777 Sc. where 7 would 


repeat infinitely in the Quotient: Or 4444 Sc. where 4 
would repeat infinitely in the Quotient: Or 8888 Se. 


where 8 would repeat infinitely in the Quotient. 
4. A 


p — = 
A - 4 
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ry 
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4. A compound Repetend is that, which conſiſts of two 
or more places of Figures continually circulating: As 
353535 Sc. where 35 would repeat infinitely in the Quo- 
tient: Or 007007007 /c. where 007 would repeat infi- 
ny in the Quotient: Or 1358713587 Cc. where 13587 


would repeat infinitely in the Quotient. 
5. Repetends, or circulating Expreſſions in general are 
either pure or mixt. 8 


6. Pure Repetends are ſuch as have no ſignificant Figure 
or Figures, but what belong to the Repetend, or have only 
a © or o's betwixt them and the Decimal Point. As 
3,333 Sc. Or 45,4545 Sc. Or 486, 486486, Sc. Or 


81,38 138 15 Sc. where Integral Numbers are concerned. 


Or as „3636 Sc. Or , 370370 Se. Or, 1219512195 Sc. 
Or ,0666 Fc. Or 007474 Sc. Or, oo 384615384615 Sc. 
Or ,0303 Sc. Or, oo3 6700367 Sc. where Decimal Places 
only are concerned. | | | 


of Mixt Repetends are ſuch as have ſome ſignificant Fi- 
gure or Figures prefixt before the Circulation begins; the 
Examples of which are exhibited in the three following 
Caſes. 


G48 £ L 


Examples, Where are only Decimal Places before the 
Circulation begins ; 


Thus ,5333 Sc. or 263434 Sc. or 62057845784 Se. 


e E . 


Examples, Where are either Integral, or both Integral 
and Decimal Places, before the Circulation begins; 

Thus, 36,777 Sc. or 3, 842842 Fc. i 

Or 2,4777 Sc. or 52, 38444 Sc. or 10, 5473587358 
Se. or 159, 10695757 Sc. 


CASE 
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CASE III. 


Examples, Where the Repetends begin in the Integral 
Part with Integrals before them. 

Thus 57,777 Sc. or 329-494 Sc. or 6547.474% Sc. 
or 874444444 Sc. 


8. Every Mixt Sa or Circulate, conſiſts of two 
Parts, viz. a Finite Part and a Circulating Part : 


As in the Examples of Caſe T. preceding. There the 
5 the ,26 and the ,620 which are not concerned to make 
or form the Circulate, are the Finite Parts of their ſeveral 
Repetends; and their ſeveral Circulating Parts are ,03 
,0034 ,0005784. Both which Parts are moſt commodi- 
ouſly diſtinguiſhed after the following manner; vi. 

5-\ 03 
26 + 0034 
620 |- 0005784 

Obſerve to prefix as many o's before the Given Circu- 
late, as there are Places of Figures betwixt it and the De- 
cimal Point. The Reaſon is manifeſt. _. 

For „5 F, 3 , 533 and , 26 U, 034 „2634 Sc. 


(2.) 
3 in the Examples of Caſe II. preceding: There 


the 36, the 3, the 2,4 the 52,38 the 10,54 and the 
159,1069, are the Finite Parts of their ſeveral Repetends: 


And their ſeveral Circulating Parts are ,7 ,842 ,07 ,004. 
2007358 and ,000057. 


Both which Parts are moſt commodiouſly diſtinguiſhed 
after the following manner; viz. 

36-|-7 Here being no Decimal 

3-}-842 : Places before their Circula- 

244 O07 tions begin, therefore there 

5238 | 004 are no o's prefixt to their 

1034 007358 given Circulating Parts. 

1591069-|-000057 2 

D ce Note, 
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Note, The Number of o's prefixt to each Given Circu- 
late, moſt fitly ſhew the Number of Decimal Places in 
their ſeveral Finite Parts: As the Expreſſion 620 0005784 
denote ,620 | ,0005784—,6205784. And 24-\-07 de- 
note 2,4-|,07=2,47. And 1591069-|-000057 denote 
159, 1069-|-,000057 159, 106957 Sc. Ty, | 


(3.) 


And laſtly, in the Examples of Caſc III. preceding: 
F Their Finite and Circulating Parts are moſt commodiouſly 
$ diſtinguiſhed after the following manner; viz. | 
. As 57,77 Sc. is diſtinguiſhed thus 50 70 


7 | 329,494 Sc. thus 320 940 
# 6547,47 Sc. thus 6500-|-4700 
FA _ 57945945 Cc. thus 57000-| 945000. 


Here 50. 320. 6500. 57000. the Integral Numbers, 
not concerned to make or form their Circulates, are their 
ſeveral Finite Parts; and their ſeveral Circulating Parts are 


7,0. 9,40. 47,00. 945,000. 


Note, That in Examples of this laſt Form, where the 
Repetend begins in the Integral Part, with Integrals be- 
fore it, care muſt be taken that we annex as many o's to 
each Given Single or-Compound Repetend, as there are In- 
| tegral Places concerned in the Circulating Part preceding 

the Decimal Point. 


The Neceſſity of rightly diſtinguiſhing the Finite and 
Circulating Parts, as above, of any Mixt Circulate, will 


appear by and by. 


I am very ſenſible that the Repetends, which may occur "Il 
in the laſt Form, might by Transformation be made to be- 
gin next the Decimal Point; and then their Finite and 
Circulating Parts would be diſtinguiſhed after the manner 

1 with the two firſt Examples in Cafe II. above. But I 

© | | would not perplex the young Learner with too many Rules 90 
Is together, therefore I omit it. | —_ 
b | | And 
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And to avoid the Trouble for the future of writing 
down the Given Repetend or Circulate, whether Single or 
Compound, more than once (except ſometimes for II- 
luftration ſake ) we ſhall henceforward diſtinguiſh each by 
placing a Period over the firſt Figure, or over the firſt and 
laſt Figures of the given Repetend. 


As the Expreſſion 7777 Sc. will be diſtinguiſhed thus 
7; and the Expreſſion 4444 c. thus 41 and 8888 Se. 
thus 8; as ſingle Repetends. 


And the Expreſſion 353535 Sc. thus 353 and 007007 


Sc. thus 007 3 and 1358713587 Sc. thus 135873 as 
Compound Repetends. Proceed we now, 


9. To find the Finite Value of any Circulating Ex- 
preſſion: 
O R, 
How to find a Vulgar Fraction equivalent to any Re- 
petend or Circulate, whether Single or Compound, Pure 
or Mixt. 


C4 I. 
Of Pure Circulates. 


RULE. 


When the Expreſſion is a Decimal Pure Circulate, then 
it is equal to a Vulgar Fraction whoſe Numerator is the 
given Circulate; and its Denominator will be as many g's 
as there are Places of Figures in the given Circulate, with 
as many o's annext as there happen to be o's betwixt it and 
its Decimal Point. 


D 2 Examples, 
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Examples. 
. 3 9 5 . 3 . 
I ===>, 2) == + os =. ,o08 = 
(1) 53 1 n (4) 
* hats e 
— (5) 0004 50006 And (6) 0 (7) 3345 
345 e 3 Es 
= —. (8) 053=—- 0052=——= .:; 410) ©: 
500 (8) ,053 590 x 53 es ) 20745 
745 . 754 „ 
. (11) , 0087342 — ==. (12) , 000758436 
9990 5 355 
5595000 And (13) 8 3. (14) ,003367 
6 5 
28 2 (15) 0001=—- . 
999799 9999 
| CASE. 
Of Pure Circulates. 
RULE. | 


When the Expreſſion is a Pure Circulate conſiſting of 
Integral Figures, then its Finite Value, or Equivalent 
Vulgar Fraction, 1s found by making its Numerator to be 
the Given Circulate, with as many o's annext to it, as there 
are Integral Places of Figures in the Given Circulate ; and 
its Denominator will be as many 9's as the Circulate hath 
Places of Figures. 


Examples. 

(1) 7,5= = (2) 3:4= 555 (3) 34.342 1 . 
(4) 3434 = 15 (5) 4654 6) 347,347 
1 (7) -+ cg 6 (8) 4357 

. 4 2000000 
$2,435782= 35955 "oli 


N. B. 


46 


NM. B. When the Circulating Expreſſions, which may 
occur in Practice, are like theſe following, viz. 12 1951 


„2195 Or 12195 12, 195 or 12195121,95 then their Equi- 
valent Vulgar Fractions are found by having for their ſeve- 
ral Denominators as many 9's, as aboveſaid; and their Nu- 
merators mult be the Circulate itſelf, with as many o's an- 
nexed, as there are Integral Places of Figures in the whole 
Integral Number. 


12195000000 
99999 
I 21950000000 


99999 


And 12195121,95 _ — and ſo on. 


As 121951,2195 = 


And 1219512,195 = 


C 
Of Mixt Circulates. 


1 


When the Expreſſion is a Mixt Circulate, whoſe Repe- 
tend conſiſts of Decimal Places only, then its Finite Va» 
lue, or Equivalent Vulgar Fraction, is found thus: 


Firſt ſet down its Finite Part, (found by Article 8.) 
and multiply it by as many 9's, as there are Places of Fi- 
gures in the Given Circulate; to the Product add its Circu- 
lating Part, and that Sum ſhall be the Numerator of the re- 
quired Fraction. And for its Denominator, take the De- 
nominator of the Circulating Part of the Repetend (found 
by Caſe I. of Pure Circulates) and this Fraction will be its 
Equivalent Single Fraction. | 


Ex. (1) 27 = _ Of = 5 ks E. S. F. 


Ex2 


FS) 


4X99 075 — 471 
990 990 


Xx. 02) 1475 = 


its E.S, F, 


Ex. a bl 48 4 — 99 — — 


3485366 its E. S. F. 


———ů— Y— 


9999000 


Ex. (4) 36, = 36x9-1-7 = - its E. S. F. i. e. E- 
quivalent Single Fraction, 


999 Try 


200 9H 1 19846 its E. S. F 
990 99 


Ex. (5) 3,842 = 


$4 
Ex. (6) 20,046 = 


= 8327x999-|- 000461 8319134 
| 61 = . | 
D 999000 999000 


its E. 8. F. 


CASE II. 
Of Mixt Circulates. 


R UI. E. 


When the Expreſſion is a Mixt Circulate, which begins 
in ſome Integral Place, then its Finite Value, or Equiva- 
lent Vulgar Fraction, is found in this manner: Firſt ſet 
down its Finite Part, (found by Art. 8.) and multiply it 
by as many 9's, as there are Places of Figures in the Given 
Repetend ; to the Product of which add its Circulating 
Part, (found as above) and that Sum ſhall be the Num-. 
of the required Fraction. And for its Denom', take as 

many 


(9) 
many 's, as the Given Circulate hath Places of Figures; 
and this Fraction ſhall be its Equivalent Single Fraction, 


£29220 =50 % E. N F. 


Ci * 8 | 1. 620 
(2) 329,494 * 5 


E. S. F. 


Ex. (1) 57777 . 


— 3 its E. S. F. 
9999 


Ex. (4) 57945. 948 Se. = 222 999 502 = 


— its E. S. F. 
92929 
7, 87000x9-|-4000 __- 787000 
Ex. (5) 87444, 44 Sc. = — - _ - DH 
WE. S. F. = 


ws 500000X9999-þ-794600000 
Ex. (6 67,946 Ec. = 


=D ESL 
INS Fig 
In theſe and the foregoing Caſes J have exhibited Ex- 
amples, by which all the Varieties that can, I think, poſ- 
ſibly happen in Practice, may readily be reduced to their 
Equivalent Vulgar Fractions, 


The 


( 10 ) 


The Proof. 
And to prove that the Equivalent Vulgar Fraction found, 


is equal to its Given Pure, or Mixt Circulate, you muſt 
divide its Num”. by its Denom*. and then if the Quotient 
turns out the Given Pure, or Mixt Circulate, you have a 
certain Proof that you have the exact Vulgar Expreſſion. 


Jam very ſenſible that many of the above-found Vulgar 
Fractions would reduce to lower Equivalent Expreſſions ; 


but 1 choſe to ſet them down as they firſt offered them- 


ſelves, for fear the Operations ſhould appear too complex 
to a young Practitioner. 


I ſhould now proceed to ſhew a more eaſy, as well as a 
more Expeditious Method, how to find . the Equivalent 
Vulgar F raction to any Mixt Circulate Expreſſion. 


But n to this, it is neceſſary that I here ſhew a 
Method. 


10. 1ſt, How to multiply any Given Number by any 
Number of 9's in a very narrow Compaſs. 


Example 1. 
As, let 5674 be given to be multiplied by 99. 


| Operation. 
Here 367400 is 100 times 5674 
Therefore Subſt. 56 5674 the given Multiplicand, and it 


will leave 5617 726 = 19 5 22922 


Example 


) 
Example 2. 
Again, let 715892 be given to be multiplied by 9999. 


Operation. 


Here 7158920000 is 10000 times 715892 
Therefore Subſt. 715892 the given Multiplicand, and it 


will leave 7158204108 = 715892x9999. 


| Example 3. 0 
Let 475050 be given to be multiplied by 999999. 


Operation. 
Here 475050000000 is 1000000 times 475050 _ 
Therefore Subſt. 475050 the given Multiplicand, and it 


will leave 475059524950 = 475050X999999- 


From the three preceding Examples it is very manifeſt, 
that to multiply any Numerical Expreſſion by what Num- 
ber of 9's you pleaſe, tis moſt readily done: 1ſt, By an- 
nexing as many o's to the given Multiplicand, as the Mul- 
tiplier conſiſts of 9585, and then, from it thus Increaſed, 
ſubſtra& the given Multiplicand, their Difference will be 
the exact Product required. 


Obſerve, that if either, or both the Factors had been 
a Finite Decimal, or a Finite Mixt Expreſſion, yet the O- 
peration would have been the ſame; only then you muſt 
have mark*d off the Fractional Part in the Product, ac- 
cording to the Method of common Decimals. | 


11. But et us ſuppoſe ſome Number were required to be 4 4 

= to the Product, where the Multiplier conſiſts of 9's | 4 | 

OMy. PA 
E Example ; 


112) 


oy. Example 1. 
Let 713892 be given to be multiplied by 99999, to 
whoſe Product it is required to add 5746: £ vere the 

Number ſought ? 1 
pe? 1 (Ba 

In ſuch a Cafe, when the Multiplicand is increaſed as be- 

fore directed, it will be 71389200000: and to this in- 

creaſed Number add the Number required to be added, 

( which in this Example is 3746) and it will then become 


71589205746: from which ſubſtract the given Multipli- 
cand, and then its Difference will be the Number ſought. 


Operation. 


C 71589205746 the Multiplicand increaſed, as laſt 
. 5 | directed; 
715892 the given Multiplicand; 


Anſw. 71588489854 the Number ſought. 


Example 2. 

Let 875492 be given to be multiplied by 999999, to 
whoſe Product its required to add 896547 : Overe the 
Number fought ? | 

LEY Operation. 


Subſt. $f 75492896547 the Multiplicand increaſed, &c. 
| 875492 the given Multiplicand : 


Anſw. 875492021055 the Number ſought. 


Example 3. 

Let 37 be given to be multiplied by 99999, to whoſe 
Product it is required to add 49500: Quere the Number 
fought? _ 
Fey it | Operation. 


© 1 4 
fy 
OY 
if 
bs 
125 
8 
* hy 

* 
24 
7 


(933 
Operation, _ = 
# 5749500 the Multiplicand increaſed, Go. 
Subſt. { , 57 the given Multiplicand ; ; Bren 
Anſw. 5749443 the Number ſought. 5 


If theſe Examples are well underſtood by the young 
Learner, then what follows in the next Article will need no 
Illuſtrations. Therefore I ſhall proceed to ſhew, 


12. A ſhorter Method, how to find the Finite Value, or 
the Equivalent Vulgar Fraction, of any Mixt Circulate or 


From the Mixt Circulate ſubſtra& the Figure or Figures, 
which ſtand before the firſt Figure of the Circulate, and 
Note its Difference for the Numerator, with the three fol- 
lowing Obſervations. . e 


Iſt, If the Circulate begins next below the Decimal Point, 
then its Difference, as above, is the Numerator; and its 
Denominator muſt be as many 9's as the Circulate conſiſts of 
Places of Figures. | T2... 


 2dly, If the Circulate begins at any Place, not next, but 
any where elſe, below the Decimal Place, annex as many 
o's to the 9 or 9's as aboveſaid for its Denominator, as are 
the Places of Figures between the Decimal Point and the 
firſt Figure of the Circulate. Its Numerator muſt be as 
above directed. | 

3dly, If the Circulate begins in the Integral Figures, 
then annex as many o's to its Numerator found, as above 
directed, as there are Integral Places between the firſt 
Figure of the given Circulate, inclufive” to the Decimal 


Point; and its Denominator muſt be as many 9's as the 


Circulate conſiſts of Places of Figures. 
ES What 
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What hath been ſaid above will be beſt apprehended by 
the following Examples, taken, for the moſt part, from 
the preceding Examples of Mixt Circulates, that the at- 
tentive Learner might eaſily ſee, by comparing both to- 


gether, how much more expeditious this laſt Method is 
than that. 


Examples for Obſervation 1. 


(1) 5,7 Here 57—5= 52. Therefore © is its E. S. F. 
( i. 85 Equivalent . F TY 


60 100,4 Here 10047 — 100 = 9947. Therefore 
2947 ; is its E. S. F. | 
99 


(3) * Here 347584347 347 23% There- 
fore 3372357 is its E. S. F. 
999 


2 


(4) 3,842. Here 3842—3= 35 39. —— 1s 


its E. S. F. 


(5) 25. 54753. Here 275475327 25563. There. 


due 2754753 © i ts E. s F. 
99999 


Examples for Obſervation 2. | 
(.) 27. Here 27—2=25. Therefore 72 is its E. S. F. 


(2) 475. Here 475—4=471. Therefore 755 is its 


E. 8. F. 


(3) 


— —ů— —„—- 


( x5) 


(3) ,3485734. Here $4857 34—348=3485386, There- 


fore 249539 gin E. 8. f. 


999900 


0a) 20,046. Here 10046—200=1 9846. Therefore 


19846, in E. S. F. 
990 


(5) 8.327461 Here 8327461—8327=8319134. There- 
fore 22734. is its E. S. F. 
5.5% „ | | 


(6) 3392,73993488. Here 339273993488—339273 


998=338934719495. Therefore 232934719495 i ing 
E. 8 F | | | 99900000 


Examples for Obſervation * 
TY 5747. Here 57 5852. Therefore 2 3 ois E.S f. 


©) 329-4 Here 3294—32= 3262, Therefore —_ 


is its E. S. F. 


(3) 4275,84. Here 427584 —42 2427542. Therefore 
2 its E. 8. F. 
9999 


(4) MYR Here 57945—57=578 $8. Therefore 


. 
99 | 


(5) 


(26) 


(5) 874444. Here 874—87 22 787. Therefore 787000 


isits E.S. F. 


(6) 579467. 946. Here 57946—5=57941. There- 


fore 279470 is its E. S. F. 
9999 


13. If the Repetend of any circulating Expreſſion 1 is 9, 
then the Value, or Sum, of that Series of 9's is an Unit in 
the Place next that Repetend on the left Hand. 


Thus 1. And 09 „r. And ,009=,07. And, oog 


=,001 Or g, 9 10. And 10 0 And 399, 9 400 
and ſo on. | 


Demonſtration. 
The Reaſon is man nifeſt 3 for that 9= 0 wants only 
— of Unity; And 99 2 2 oo Wants but 7 0 Unity 3 


And »999 —= : 222 


I 
wants hos es o Unity ; And 9999 


— 9999 gants but —— of Unity, Ge. So that if the 
T0000 I0000 


Series of 97s were infinitely continued, the Difference be- 
tween that Series of 9's and 1 would be N Kr to 12 


divided by Infinity, that is, nothing at all. 


14. If the Denominator of a Vulgar Fraction 1 9, or 
9's, having its Numerator leſſer than its Denominator, but 
conſiſting of the ſame Number of Places of Figures, as 
there are 9's in its Denominator; then its Numerator will 
become a Pure Circulate, whoſe firſt Fi igure. will begin to 
circulate immediately nicer the Decimal Point, 


Examples, 


: 7 — 8 pon a K * * 
"ML n rr —— : 5 4 
| . „ ns 5 1 


> 2 2 2 
a 9 , MC Sad . * * © 2 ung 4. 
2 * „ * e +. * „ 
> ee 2 er . CP IB 3 2 r wy 24 or oe „ 3 
— — . - I > *＋ ” 888 1 Y „ « x2 * 3 2 
by 3 A HOO NS - - 
"x * -D. = _ * 2 s 1 1 1 2 
vl - +.+ : 
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Examples. | 
As =,8. And 2 2, 1. And 97 2, 5. And 57 "= 
'9 9 99 999 


I00000 
999999 


= 


on. Oras « 00 And . 500. And 
| IS 999 
100000 and ſo on. 


15. If the Denominator of. a Vulgar Fraction conſiſt of 
9's, not having the ſame Number of Places of Figures in its 
Numerator, as there are 9's in its Denominator, then its 
Numerator, with as many o's ſet before it, as is the Exceſs 
of the 9's in the Denominator, more than the Places of 
Figures in its Numerator, will be a Pure Circulate; which 
will alſo begin to circulate immediately after the Decimal 
—. 


Examples. 
99 i 999 9 
And = ,000007. And 14 = ,074 And 3 


999999 999 | 99999 
2 . 340 9 * > 
= ,00157. And = ,002408 and ſo on. 
»00157 999999 34 _ X 


26. If the Denominator of a Vulgar Fraction conſiſt 


of 9's with o's, not having the ſame Number of Places of 
Figures in its Numerator, as there are 9's in its Denomina- 
tor; then its Numerator, with as many o's ſet before it, 
as is the Exceſs of the 9's in the Denominator more than 
the Places of Figures in its Numerator, will alſo be a Pure 
Circulate; but will not begin to circulate, until as many 0's 
are ſet between it and the Decimal Point, as there are 0's 
found in the Denominator. 

| | Examples. 


a 8 © . 
„387. And a = ,1058. And _— = ,26829 and fo - 


3 
„ 


* 
; . ; £ « * * 
Kal , D A 
_—_ I N a K — Q * ** 1 
r eee =O 9 —— 0 . 
r 8 72 n "FAY 2. 7 * * 
* * bm > 
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Examples. 
; 7 1 8 2 | : 6 
As — = ,007. And —— =, 0008. And — 
E 990 | 9 99000 
D990 0 
. g 
00000475. d {2243 = ,0000075843 and ſo 


9999990000 
ON, 


Note, The Expreſſion 2 = o; And — = ,0008. 


Now what hath been affirmed in the laſt three preceding 
Articles, might all be eaſily proved wy Diviſion in com- 
mon Decimals only. 


There are many other curious Remarks which might be 
made on this Subject concerning the Properties of Vulgar 
Fractions z which an attentive Learner will eaſily diſco- 
ver, if he carefully reflects on the foregoing Examples, to- 
gether with what I have tranſcribed in my Introduction, 
from the learned Dr. Wallis; therefore I ſhall not proceed 
any farther therein, but ſhall haſten to the next Article. 


17. A ſingle Repetend might be made as a Pure Com- 
pound Repetend, Thus 4 might be made at or 1444 or 


4444 or 44444 and ſo on. 
Or it might be made a Mirt Repetend. Thus 4 might 


be made, 44 or , 444 Or , 4444 or 44444 and ſo on, as 1 
Neceſſity may 28 


In fine, any given Repetend, whether Single or Com- 
pound, either Pure or Mixt, may be transformed, or 
changed, into another Repetend, conſiſting of the ſame 
Number of Places, or of a greater Number of Places of 
Figures 
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(19) 
Figures at pleaſure ; and yet, till each New Expreſſion 
will retain the fame Value with its firſt given circulating 


Expreſſion. 
& UT £ © 


Write down the Given Repetend as often as is neceſſary 
for its Transformation; and then mark off for a New Re- 


petend as many Places of Figures, as are required. 


Thus the Expreſſion 4 might be transformed into 44 yy 
1444 Sc. as above. 


And the Expreſfon . 57, might be transformed into 
,5757 or into ,575757 or into ,57575757 Sc. 


OR it might be transformed into , 5750r into ,57 57 or 


into ,57575 or into 15757575757 and fo on, as Neceſſity 
may require, | 


And the Expreſſion , 386 3 might be transformed into 
,386363 3 or into ,38636363 3 z or into ,38636363 3, or into 
38636363 or into 38636363636 Sc. ; 

It is very probable that ſome of 'my Readers may not 
eaſily perceive that the Circulating Expreſſion 4 is of the 


ſame Value with, or equal to ,44 3 or to, 4443 or to ,444 
Sc. as is above aſſerted, Therefore, for their better Ap- 


. e I ſhall here demonſtrate, 
iſt, ) That the Rapreſion AAAS Ah =14444= ” 


A444 = 444444 Se. 060 | 
F AS 


| 4 
As allo that the Expreſſion 578.555. 575757 = = 


5 Sc. 
57575757 7 E MMA 


When two F _ of different Expreſſions are equal to 


each other, as T q then the Numerator of the one 


28 
Expreſſion is to the Numerator of the other Expreſſion, as 
the Denominator of that is to the Denominator of this. Or 


in other words, the Numerator of the one Expreſſion is to 


its Denominator, as the Numerator of the other Expreſſion 
is to its Denominator. 


—. 


For Example, If — 7 are equal't to 7 , then 3 is to x2, as 


7 is to 283 or 3 is to 7, as 12 LIK: 


And when four Numbers are thus Proportional, then the 


Product of the Means is equal to the Product of the 


Extreams. 
For 12*7=84 the Product of the Means. 
And 38 84 the Product of the Extreams. 


Wherefore when two Fractions of different Expreſſions 


are equal, the Products of the Numerator of the one by 


the Denominator of the other alternately will alſo be equal. 


Hence then by this Method we might ſooner, and with 


more eaſe, determine, whether any two, or more, Frac- 


tions of different Expreſſions are equal to each other, than 


we. can by the common Method of ſometimes many and 
very tedious Diviſions. 5 5 


I come now to prove that 3 Se. That is 


(by * .9.) I am to prove that the Ra = 


44 _444 __ 4444 — 44444 . 444444 
99 999 9999 99999 999999 


Sc. (i. e.) are 
equal 


("Ox 2} 
equal to each other, and conſequently equal among them- 
ſelves. 


Demonſtration. 


iſt, Becauſe 4X99=44Xx9= 396 
And 4x999=444*9=3996 _ 
And 4x9999=4444*9= 39996 
And 4x99999=44444*x9=399996 
And 4*999999=444444*9=3999996. 


Now, nme as the Products of the Numerator of 
the one Expreſſion by the Denominator of the other alter- 
nately are equal, when compared with each other, there- 


fore it is manifeſt that the ſeveral different Expreſſions a- 


bove are equal in Value each one to each other, and conſe- 
quently equal among 2 Which was to be de- 


—— 
The like Method of Demonſtration will alſo prove that 


the Expreſſion 157 35757 =8767 57 =o5151575] Sc. or 
however thus var! 


That is that 37 = 3797 875752 678787522 


99 9999 999999 99999999 
For 57x9999=5757*99. And 57x999999=575757*99 


C. 


2dly, 


It remains that I alſo prove that the Expreſſion , 4 =»44 


=2444=54444 Sc. Or equal to ,444=14444=4444444 
= =1,44444444 Sc. or however thus varied. 


80 likewiſe that the Dad: 57 = 57255757 
57575 5, 757575757 Sc. or however thus varied. 


F 2 Demon- 
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(22) 
Demonſtration. 


Now (by Art. g.) the Expreſſion 4 = 5 its E. S. F. 
i | 


And where two, or more Expreſſions are equal to one 
and the ſame Expreſſion, they muſt be equal each one to 
each other, * equal among themſelves. 


| Therefore 1 Sc. which was to be 
demonſtrated. | 


= 
2 


* 


Again, I fay that 4 444 4444 4444444 = 
44444446 Sc. or however thus varied. 


- "tg 


Demonſtration. ; 


Now the Expreſſions FA = 1 as before. . 


— 44444000 4 
| 99999000 Fs. 8 
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And where two or more Expreſſions are equal to one 
and the ſame Expreſſion &c. 


Therefore 14=2444= 14444= 14444444= 144444444 
Sc. which was to be demonſtrated. | 
3dly, And laſtly, I ſay that the Expreſſion 577,575 
| 15757 ,57575 , 557575757 Sc. or however thus varied. 
Demonſtration. 


Now (by Ari. 9.) the Expreſſion 57 — 2 its E. S. F. 


3 
And = ie 
5575 990 99 
„ 
And 2 — == 
eee 
wh 57000 57 
And ,57575 = == 
; 557575 99000 99 
; And where two or more Expreflions are equal to one and 
2 the ſame Expreſſion, they muſt be equal each one to each 
IF other, conſequently equal among themſelyes.. | - - -_ 
$ Therefore ,57 =,575=,5757=,5757 55157575755 
3 Sc. which was to be demonſtrated, © | f 7 f 
4 | From the foregoing Demonſtrations it is manifeſt, 
4 iſt, That any Given Repetend, or Circulate, might 
F | be transformed or changed into another Repetend, conſiſt- 
1 ing of the ſame Number of Places, or of a greater Num- 


ber of Places of Figures at pleaſure; and yet, notwith- 
ſtanding ſuch Transformation, each new Expreſſion will 
8 CE ee e 


(24) 
retain the ſame Value with its firſt Given Circulating Ex- 


preſſion, "a 29h — 


2dly, Hence we may learn too, that by ſuch Transfor- 


mations any two, or more Given Repetends might be made 
to begin and end together, as Neceſſity may require. The 
Uſe of which will be ſeen in Addition and Rs 
Te. But to proceed, 


* 


1 18. | Reperends are either Similar or Diſſimilar. 


19. Similar or Like Wend are ſuch, whoſe firſt Fi- 
gures of their ſeveral Repetends do begin in the ſame Place, 
(whether before or after the Decimal Point) and do con- 
fiſt of the ſame Number of Places of Fi __ 


20. Diſſimilar or Unlike Repetends are ſuch, whoſe firſt 
Fi igures of their ſeveral Repetends do not begin i in the ſame 
Place, (whether before or after the Decimal Point) or do 
not conſiſt of the ſame Number of Places of Figures, al- 
though they do begins in the Jame Place. 


21, How to transform two or more Diſſimilar Repe- 
tends to Similar OA. 


' # +8 


iſt, Make all the Repetends to begin together, (by 
7 ransformation ) where that One begins, which ſtands 
loweſt, either above or below the Decimal Point. 2dly, 
And then to make them all end together ; let each of the 
Given Repetends conſiſt of as many Places of Figures, 
from the Place where they are all made to begin together, 
as is the leaſt Common Multiple of the ſeveral Numbers of 
Places found 1 in all the Given Repetends. 


N. B. It is moſt convecient to take their leaſt Common 


Multiple, in order to have their Sum, or Difference, ex- 
preſſed in or by the feweſt Number of Places of Figures. 


Some 


tz. 


(25 ) 


Some of my Readers (and perhaps many) may. not 
know the Method of finding the leaſt common Multiple 
to two, or more given Numbers ; therefore, for their ſakes, 
1 ſhall in this Place give its Definition, with a Rule how to 
find it; becauſe I would not put them to the Trouble of 
turning to another Book for e 


22. The leaſt Common Multiple to two, or more Num- 
bers, is the leaſt Number, which being divided by either 


of the Given Numbers, will leave nothing remaining. 


Thus 24 is the leaſt ane —Y to2. 3. 4.6.8 
and 12. 11 8 

23. How to nd the leaſt Common Multiple to two, or 
more Given Numbers. 


RULE. 


Set down the Given Numbers, as Fr 3 then * 
vide them ſeverally by 2 or 3 Sc. and their Quotes by the 
ſame, on any other Number; and their Quotes, if not 
Units already by the ſame, or any other Number; thus 
continuing, 'till Units only are their ſeveral Quotes, re- 
ſerving their ſeveral Diviſors z- Which. Diviſors multiply 


into each other, and their laſt Product ſhall be the Num- 


ber ſought; which will be the leaſt common 6 to 
the S Numbers. | 


4 x 
* 5 * . 7 { 


"Example 1 Fo | 
Find the leaſt Common Multiple to 2 4 and 4. 
; q EE *1z>.4L 11 . i & 5 09 189 And " 
| Diviſors ; h 
Diviſors 2 | 2. 3.. 4 19 e 2 * 187 AT % aces? 
a 1. 30S 15059 Ch 2 
— 4 1 12 1s be 
3 3 1 3 leaſt Common 
he | — ultiple. 
E 12 NY 


N. B. 


626 


NM. B. I take down the 3, as above, until I make the 
Divifor g. 


229547} 1 'T; + 2 4. # 4 4 . 
03 Woil SEH 3 419 ant 2. 
1 Ai * * s 9 . 


Find the leaſt Common Multiple to 2. 4 and 5, 
| Diviſors 
Diviſors 2 2. 4.5 2 
. m—_ 
1 | 4 Anfw. 20 is their 
r 5 leaſt Common | 
1 = Multiple, 


Example 3. 


Find the leaſt Common Multiple to2..4.0.10; 12 
and 1 1 | | 


Diviſors 2 | 2 2 2 5 6 » JO 12 0 15 7 8 | | 2 
i ram „ — — 


188 © [vo + | 


FI 


. 
3 


| "= I 0 
Anfw. 60 is their leaſt Common Multiple. 


Here follow the Examples of Diſſimilar Repetends 
transformed or changed into Similar ones. 


| | Here they all are made 

54 21444 to begin ther; 
5 22 Mis where that One be- 
57 Wa... ins, which ſtands 
00g: ©: 2083 oweſt from the De- 

| cimal Point. 
Example 2. 
Diſſimilar made Similar. 

EE Here 2 is their leaft 

WENN 77 Common Multiple. 

554 | 954 3 


| Example 3. 


Diſſimilar made Similar. 


ee : * 1] Here they are all 
»475 247547547 made to begin 
. 324 . together, as a- 
1 8 ee | bove directed; 
59 559595959 fand 6 is their 
85 N : leaſt Common 
327 327777 | Multiple, | 
7 ap 11111111 50 
i Example 


1 * <1 $3 


ga Be the * 3 * 4 N 4 a <P 
* TY 4 4 © x w# 


7 p 4 
n wel 
he. ns” 


—.— 


Example 4. 


Diſſimilar made Similar. | 
21 Here they are al 
419939 _ 475,39 made to begin to- 


. ether, as above 
68,5 n+ : 087,58 irected; and 3 1s 


545. 4D e 1 523,54 J their leaſt Com- 


Q. 0 


q e mon Multiple. 
\ | Example 5, 
1 Diſſimilar made Similar. 1 


1 57.7 HS: Ou sjnnnnmmmm 


1 8,49 8,498498498498498 
= 7.5647 7:564764764764764 

1 | 8035745 | 803574857485748 
4 Here 12 is their leaſt Common Multiple. 
| | 1% Example 6. | 
I Ditinila wude Similar, 
1 üs , ang8gmmmmnn 3 
Fi 50794 | |  +507940794079407940794079 4 
1 8, 07598 | 8,007598075980759807598075 

58 555858 85g 5s 58 58 5858585 


5. “ 5,047474747474747474747474 


Here they are all made to begin together, as above di- 
rected; and 20 is their leaſt Common Multiple. 


24. A 


” — «tes a 4 * 3 . 3 . 
Ep am So. * 1 5 8 * >. * = 
_ 8 ON — reg DEE? nee? eto” 


(29) 


24. A Finite, or Determinate Number, or Decimal Ex- 
preſſion, may be made a Similar Circulate, by annexing as 
many o's to it, as the Given Repetends in the Example 
may require; that is, when the Finite Expreſſion reaches 
not ſo low as where that one Repetend begins, which ſtands 
loweſt in Order of Place. But be careful to obſerve, that 
when the Finite Expreſſion reaches as low, or lower than 
where that One Repetend begins, which ſtands loweſt in 
Order of Place, then the Repetends mult all be made to 
begin together, immediately with the firſt o, annexed te 
the Finite Expreſſion; and muſt all be made to end to- 

ether, as before directed. Note, In this Caſe there are 2 
3 which I ſhall exhibit among the Examples of 
Addition of Single and Compound Circulates. | 


F 
* 
Y 
* 
6 
8 


630 


CHAP. II. 
Addition of Circulates or Repetends. 


| Rule for Single Circulates: 


F the Repetends given are Diſſimilar, make them all 
Similar, (by Art. 21.) iſt, Then, if the Example 

conſiſts of Single Circulates only, add up the Right- 
hand Column by 9's, and place the Overplus, if any, or, 
if nothing, a o at its bottom, for a Single Circulate; and 
carry One for every 9 found in that Column to the next 
Place; and add up the other Columns, if any, by 10's as 
uſual in Addition of Common Decimals, and the Figures 
fubſcribed at bottom ſhall be the Total ſought. 


Rule for Compound Circulates. 


But 2dly, When the Example confiſts of Compound 
Circulates add up all the Columns, when made Similar, by 
10's, with this Caution, viz. to the Right-hand Column 
add as many Units as there are x0's, ( mentally “ found) 
in that Column where all the Circulates do or are made to 
begin together; and then the Figures ſubſcribed at the bot- 
tom of the Circulating Columns ſhall be the Circulate 
ſought ; and add up the other Columns by 10's, as above 
directed. 


Mr. Cunn's Rule for Compound Repetends is thus : 


Make all (i. e. the Repetends) Conterminous, ( the 
Author means Similar) and then add as in Common De- 
cimals, only to the Right-hand Column add as many 


By mentally found, its deſign'd that you previouſly add up the ſeve- 
ral Columns, which are in the Places below where the Repetends do or 
are all made to begin together, in order to diſcover how many 10's may 
be found in that Column, by that mental Addition; elſe ſometimes you 
may carry 1 Unit ſhort of the Truth to the firſt Right hand Column. 


Units 


A 0 3 1 ) | | : 
Units as there are 10's in that Column where the Repetends 3 
all begin together; and then the Figures ſubſcribed to the 
aforeſaid Columns ſhall be the firſt and laſt of the Repe 
tend, | 


Mr. Malcolm (in his Preface, pag. 12.) complains that 
this Rule of Mr. Cunn's is inſufficient for a general Rule; 
and ſays, that though it will bring out the true Anſwer in 
ſome Caſes, yet it is not univerſally good for all Caſes 
and in page 479. he gives the following Rule. 


Make them (i. e. the Repetends ) all Similar, then take 
the Sum of the Repetends upon a ſeparate Paper, and di- 
vide it by a Number conſiſting all of 9's, as many as the 
Number of Places in the Repetend ; the Remainder of the 
Diviſion is the Repetend of the Sum, to be ſet under the 
Figures added, with o's on the left Hand, if it has not as 
many Places as the Repetends; the Quote is to be carried 
to the next Column, and the reſt of the Addition done by 
the common Rules. 


This Rule of Mr. Malcolm's is univerſally good for all 
Cafes, and ſo is that of mine too; and I think it eaſier for 
Practice, as giving leſs Trouble: for by adding up the 
Repetends with my Caution, as above directed, you men- 
tally divide their Sum by as many 9's, as the Repetend 


conſiſts of Places of Figures, Cc. 


And indeed I can ſee but two Examples, viz. the 4th in 
page 76, and the 3d in page 77, throughout Mr. Cunt's 
Book, (it is the 2d Edition now lying before me) where 
he could poſſibly make a Miſtake in adding them by fol- 
lowing his own Rule: but as he happily avoided it in both, 
I am of Opinion that Mr. Cunn himſelf underſtood his 
own Rule in as ſtrict a manner, as I have cautiouſly word- 
ed mine. 


I was willing to exhibit Mr. Malcolm's Method, that the 


1 Learner might chuſe which he found moſt eaſy for Prac- 


= | tice, And the Reaſon why we ſhould divide their Sum by 


; , Fr E 3 Arran: —— - 
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(32) — 
as many 9's, as the Repetends conſiſts of Places of Figures, 
mult plainly appear to every attentive Reader, who ſhall 
reflect on what hath been faid concerning the Method of 
finding an Equivalent Vulgar Fraction to any Circulating 
Expreſſion, Sc. I ſhall now proceed to give Examples. 


CASE 1. 
Of Similar Single Circulates. 
Ex. (1.) (..) „ 
33 5 93 | 2916 
„ ͤ „ „% 
1 WM” „26 „0416 
Sum 6 EY | ,06 ,7083 


Sum 2,6 Sum 2,00 Sum 1,2500 = 1,25 


I fall throughout Addition, except in the laſt Exam- 
le, make uſe of ſuch Circulates, as offer themſelves in my 
Tables annexed ; that the Learner might have a Proof of 
his Examples from the Principles of Vulgar Fractions, 
which will be ſo many uſeful, as well as eaſy, Illuſtrations 
to the Whole; and by which I ſhall have this peculiar Ad- 
v e, of making uſe of fewer Words, which otherwiſe 
would be una voidably neceſſary, and ſo ſwell this Book be- 
yond its intended Bulk. | 


Illuſtrations of the foregoing Examples. 
In Ex. 1. Their Equivalent Vulgar F ractions are © | 


lf Ie 


In Ex. 2. 


== 2,6 RET | 1 


1 W. 4. They are £ 4 £ 4 L 233 1. 

2 LS, 24 24 2 1 24 4 

0 AM 

D Diſſimilar Single Circulates. { 
„„ | 1. ei 222.2, Boy (@) 

Diſſimilar made Similar, Diſſimilar made Similar. 


„ „6666 74,583 74,5638 
5583 5833 Bn. f 9,46 9,4666 
5 i CT 0, 2916 


2 ˙ Ä 


— St Pa 


Sum 2,22 50 


That is 2,225 complet. 
e ee Me,, | 
Diſſimilar made Similar. ; 


A ieee bi, 47,11111 
5 1,8333 
6,16 | 6, 16666 Y 
2,35416 2,35416 a | 


Sum 56,71527 : 


Ex. 


S * 
RMS FI . [2 


( 34 


Ex. (4.) 


Diſſimilar made Similar. 
. - 7 Here the Finite Expreſ. 
497916 4.97916 ſion 4, 1875 reaches 
5 68888 not ſo low, as where 
4 P 2 that One Repetend 
45,1875 4.18750 begins, which ſtands 
| loweſt in Order of 
| Ix Place; therefore that 
Sum 14,3555 |  Repetend governs in 
. this Example, where 
That is 14, 8 5 they muſt all begin 
together: which is the 

if Variety. 


ho 


— 
* K 
9 
— 


FP 
ORs. 2 — revs: 
7 2 — * 0 8 


Ex. (5.) 


| Diſſimilar made Similar. 


12 ä - } Here the Finite Expreſ- 
17,48 17, 488 ” ſion 4, 05 —— as 
n low, as where that One 
Try 8 SOOT Repetend begins, which 
0,1 0,11 ſtands loweſt in Order 

of Place; therefore 

that Finite Expreſſion 

governs in this Exam 

ple, where they muſt 

all begin together : 

which I call the 2d 
Variety. 


Sum 21,650 
That is 21,65 compleat 


(35) 
Ev. (6) 


Transformation : as in 
the laſt Example. 


Diſſimilar made Similar. 
. - ] Here the Finite Expreſ- 
5,36 | 5,36666 | ſion 5,5625 — neſs 
7,916 7,91666 lower, than where that 
1 : | One Repetend begins, 
33»3 33»33333 why * loweſt in 
| 2 Order of Place; there- 
125 e fore that Finite Ex- 
355625 6,562 50 preſſion governs the 


53,67916 


J have been the more careful to exhibit the laſt 3 Ex- 
amples, where Finite Expreſſions are given to be added 
with Circulating Expreſſions, becauſe I have not ſeen it fo 
cautiouſly expreſſed in any Author before me; and alſo to 
prevent the Learner's committing any Miſtake, when ſuch 
Varieties ſhall occur in Practice. 


Illuſtrations of the foregoing Examples. 
In Example 1. Their Equivalent Vulgar Fractions are 


2 A IT 2 = — 2,223 compleat. 
3 12 135 24 „•[ 
In Ex. 2. They are 2 1 XD — 3290 1,3416 


12 15 24 4320 
to which add their Integral Numbers (viz.) 9-74 and 
their Total will be 84,3416. 


TEE OE 17 22243 
In Ex. 3. They are , E 2 6 i e 


71527, to which add their Integral Numbers (viz.) 


2-\- 6-\- 1-|-47, and their Total will be 56,7152 7. 
H | In 


PPP » wenn 


621 


47 1 3 2 
65 2 Tag 740500 e 
to which add their Integral Numbers (viz. ) 4-\- Shs and 


their Total will be 14,85. 


In Ex. 4. They are 


In Ex. 5. They are a ＋ * — „ =,65 com- 


45 9 8100 
pleat, to which add their 1 Numbers ( vir.) 417, 
and their Total will be 21,65. 


In Ex. 6. They ane” — - += _ — 1 2 Bo += 


225 225, 679 16, to Fol add . Integral tk 


(viz.) SET 1-33--7-\-5» and their Total will be 53,679 r6. 


Examples wherein are Compound Repetends or Cue given 
to be added. 


CASE I. 
Of Similar Compound Circulates. 


— 


2 


Ex. (1.) Ex. (2.) 
1571428 5857142 
»285714 20,7692 30 þ 
142857 o, 3809 32 
Sum ,999999. Sum 27007326 


That is 1 compleat: 


(37) 


Illuſtrations of the foregoing Examples. 
In 1 1. Their Equivalent Vulgar Fi ractions are 


1 1 6 
8 21. 
1 rt 7 © 


| 836 
In E. 2. They are . 16 725 Bs a 


to which add their en 1 viz, 20 |-5, and 
their Total will be 27 = =27,007326. 


Cat Ex i ind 
Of Difſimilar Compound Circulates. 
(J.) 
Diſſimilar made Similar. 

| - + > Here the 3 Ex- 
518625 1562 50⁰ preſſion governs the 
1 5 Ws Transformation, as 
5 5 . in the 2d Variety 


| in Single Circu- 
Sum 43683712 1g. a 


| Eu. (a.) 
Diſlimilar made Similar. * 
„ ere the Finite Ex- 
„628  »625000000 / preſſion governs, as 
430 459459459 P in the laſt Exam- 
459 be | 1459439459 ple. 
461538 „461538461 


— 


Sum 1, 545997920 


Bo Ex. (30) 


Diſſimilar 
8 
45 
$14 


Diſſimilar 
162, 
5 

172, 


3,769230 


Diſſimilar 
134,09 
97,26 
9,08 3 


1,5 
0,814 


(38) 
Ex, (3. 


made Similar. 


nme, 
454545 
58148 14 


Sum 2,047 1 38 


Ex. (4.) 


made Similar. 


1621621621 
2,9333333 
172, 727272) 
3-7692307 


Sum 341,5919989 


Ex. (5. 


made Similar. 
I 34,09090909 
97, 26666666 
9,08333333 
1, 50000000 


0,81481481 | 


Sum 242,75572390 


Here the Fi- 
nite Expref- 
ſion reaches 
not ſo low, 
Se. There- 
fore it is as 

the iſt Vari- 
ety. 


Illuſtrations 


( 39 ) 


Illuſtrations of the foregoing Examples. 
In Example 1. Their Equivalent Vulgar Fractions are 


$, 7 99. 5 
3 = $ 3683712 


| 5 17 6 3949 
In Ex. 2. They are - =  — = 
| | a 8 5 37 [ 13 3848 
1, 345997920. 
. „ E140. 
In Ex. 3. They are f - wes | 27 
2,011. 


203714 


In Ex. 4. They are + ++ £ l 40 ; = "729365 


= 2,59 1998 9, to 1 their 1 9 vix. 

3 172FC2＋-162, and their Total will be 341,5919989. 
„„ 

In Ex. 5. They are — |- 75 ＋— 85 4 . 


= _ =1,75572 390, to which add their Integral 


Numbers, viz. 1-|-9-|-97--134, and their Total will be 


242, 75572390. 


_ 


Difnmilar made Similar. 


©. * 1 f . „ 


5475  $4751475475475 © 
1428,7 1428,928728728 
Ch 81,7 ; * 2 | 81,717171717 | 


1,574 HAGUE: 
5,0008 | 5,000888888 


* 


— « RY = - » 


* 
UI — 


„ Is i Sum 6992, 497012285 


have ſet my Examples above as abſtract Numbers; 
; but the whole Operation would have been the ſame, had I 
F applied them to Money, or Weights, to Time, or Mea- 
E | ſures, Cc. OR?! | be os; 


* 4 
. . 
— 


Y 
. . 3 * 5 


C HAP. III. 


Subtraction of Circulates or Ræpetendi. 


RULE. 


F the Repetends of the given Minuend and Subtra- 

hend are not Similar, make them ſuch. And in all 

Cafes obſerve this, That when the Repetend of the 
Subtrahend is greater than the Repetend of the Minuend, 


(when Similars) that you add 1, to the Right- hand Place 
of the Subtrahend ; then Proceed as in Subtraction of Com- 
mon Decimals; and their Difference ſubſcribed ſhall be the 


Repetend of the Remainder. 


I ſhall diſtinguiſh the Examples i in this Rule into > Caſes, 
as I did thoſe in Addition, for the more ready Apprehen- 
ſion of the Learner, Wi 


O Similar Single Circulates. © 


(r.) | 
Minuend 7,5416 
Subtrahend 1,4583 


Remainder 6, o8 3 3 EE . — 6, 66 


d $426 [5 


* 
Pp „ 1 LP F © 7 
76.3 We 2350-45 #8 1 «a 


#4 W344 s 
& 


(42) 
(3. 
Minuend 5,16 
Subtrahend 3, 26 That is 3,9 compleat 


Remainder 3.90 


| Illuſtrations of the foregoing Examples. 
| 13 ; V 
Ex. 1. Expreſſed in Vulgar Fractions is 7 1 


6 =6,083 And whoſe Repetend of its Subtrahend is 
1 
lefler, than the Repetend of its Minuend. 


4 = 6 = =6,66, And whoſe 
Repetend of its Subtrahend is greater, than the Repetend 
of its Minuend, where x was added ( as in the Rule dire&- 
ed) to its Subtrahend, before the Subduction began. The 


Reaſon of which in all ſuch Caſes is manifeſt. For do but 


imagine the 3 and 6 above continued infinitely below ; then 
after the firſt Subduction of the Right-hand Figure 6 from 
its oppoſite 3, we muſt carry 1 to the next Left-hand Fi- 
gure 6. Or to expreſs myſelf in other Equivalent Words 


Ex. 2. Is 10 = —4 


thus, take 2 from 3-1 cannot, but take - from = and 
| FW. OW 9 | 

the Remainder will | =6, as above, 

[og 3 | 33 Nene 

6 37 5 8 0 379 compleat as above. 


For the Repetend of its Subtrahend is equal to the Repe- 
tend of its Minuend, then conſequently the Repetend of 


their Remainder muſt be 0. 


g 


Ex. 3. Is 7 


CASE 


* a ö 
r 


- 3 


— 


( 43) 


CASE l. ; 
Of Difimilar Single Circulates. 


Examples 3 | 'S g 


I. 


Diſlimilar ; made Similar. 
Minuend 13,1458 3 13,1458 3 


Subtrahend 7,5 I 7, 50000 Y 


2 


| 3 Remainder 5g, 6458 3 


* 
. 


2. | | 

Diffimilar made Similar. . 
hs T2 Minuend 11,8128 11,8120 : 
5 Subtrahend 2, e 255 5 777 2 x 


$4 „ 


2 3 
my #” = - 4 


_ —*  Diflimilar © made Similar. 4 
; . From _— 5,03 9 i N 550333 # a Gids © 6 w 7 7 


* 
Oo 
* 


. 
- 


. . 
Take | 30416 or 370416 | Ave ard oo 
r A 3 wat 8 Lal : WL LS WI J T = 3 BI &%& I & 
5 , 


Remainder 1,991 6 


. 


, 1 n W 
« 4. ants. 174 —_—_— 2 W Wk 
72 * 3 I ka 4 Pro dats. o 
- : . a * 


4 


(4 | 
Diſſimilar made Similar. 
| Tune ; Tun A 
From 110,6 110, 66666 | 
| Take 94414533 | 9414583 


* 


Rem. 16, 3208 3 


— 


Illuſtrations of the foregoing Examples. 
Ex. 1. Expreſſed in Vulgar Fractions is 13 0 — 77 


* 


| ME FRE 2 


D 
Ex. 2. Is 11 „ n 


Ex. 3. Is from Ih g: o: 8 Take 1b 3: 0: 10 Remainder 
Ih 1: 19: 10 = 15 1,9976. | 

Ex. 4. Is from 110 Tuns 13 C. . 1 . 9556 O. 
Take 94 Tuns 2 C. 3 Q. 18 Ih 10 On Remainder 


16 Tuns 10 Cut 1 Q. 18 15 10-O*=16,52083 Tum. 


* 


8 
— 


From 6 571428 | 6 
Take 3 6408571 3 


2 * n 
r ZH >" 9 
« 2 * 7 
=: : 24 
© * * ö 
- 


(45) 


Bramples wherein are 1 Repetends or Circulates to be 
" ſubtrafted,  _ \\* 


CASE I, ien . mon 
/ Similar Compound Circulattt, © 


Tb 


Examples. | 
„ HET | (2.) 

From 3,81 From 1,3571428 

Take 1718 | Take 7857142 


Rem. 2,63 | Rem. 


„37142836 


8 Or , 57 1428 
: Huſtrations of the foregoing Examples. 


Ex. 1. Expreſſed in Vulgar Fractions! is 31 2 . 


11 
7 — 0 
2 —2,6 

11 03. 


. ” 
E. 2. Is 1 13 14 7 5671438. 2 ©5745 4 
s E U. 
Of Dilſimilar Compound Circulates. 
(1. 
Diſſimilar | 


made Similar, 
cot: 2183709 
57 14265 


6428571 


Rem. 2 * 
I 2 (2. 


* — 72055 — 


Diſſimilar 


From 4.619047 
Take 1,954 


Diſſimilar 


From 1, 227 
Take „95121 


_— 


Rem. 16,797 34 


— 


(3): | Is 
made Similar. 
40 I 9047 6 
1,9 545454 


— 


Rem. 2,664 502 x 


LE 


| (4-) 


made Similar 
122729272727 


| o, 951279512 19 


Rem. 0,7605321 53 


60 


made Similar. 
8846153846 
,3 125000000 


— —„— 


Rem. 95721 163846 


(47) 


7 +001 

Diſſimilar maade Similar. 
From 195: | 3 1 Sh 121 | 10,500 
Take 3745 apts 7 3,44 


8 Rem. 7,045 5 


Aluſtrations of the foregoing Examples. 


Ex. 1. Expreſſed in Vulgar Fractions is 8 Cw — 3 


14. 
it is from 6 Ct. 2 
Remainder i is 2 C. 3 Q 201b. 


34 — 1775 16 455 
Ex. 2. Is 3446 172 16 528 


2 Cut. = = 2 4 2,9285714 Cvt Or in other words 
2 Q"- 8 I take 3 C.. 2 Q 161b 


. 16,0708 : * 


obſerve that by TW the given Repetend of the 
Subtrahend became leſs than the Repetend of the Minuend.. 


Ex 3. Is 4 2 — 17 = => * 2 664502 K 1 1 1 


22 4562 


Toa the given Repetend of the Subtrahend be- 
came greater, than the Repetend of the Minuend :* where- 
fore 1, was added before the Subduction N as was 


above directed. 


EN — 39 2 — bee hor . 
„„ = ,27605321507 


| 16 - 
3 — 2 = 2 =,5721153846 


(48) 


4 


11 


(3 IL 1 
T 5 
7 ee 


Ex. 6. Is 10 3 


N. B. This laſt Example I took from Dr. Wallis's Hif- 
tory before named, (Chap. 8.) who there exhibits it, among 
other Examples, as impoſſible to give it its true Difference 
in a Decimal Way, mathematically exact. And the Dr. 
directs the Practitioner to give its Difference pretty near the 
Truth, viz. 7,4545 E- by Approximation: whereas, by 
the Method above, my Anſwer is expreſſed in a Decimal 
Way, mathematically exact. For ſince his time there is 
ſo confiderable an Improvement made in the Management 
of Decimal Fractions, that many Thouſands of Examples 
might be produced, to each of which we can now give 
the Anſwer true to a mathematical Exactneſs, with very 
tette trouble. And with much Labour it is poſlible to find 
out and expreſs the true Anſwer in a Decimal Way, to any 
Fractions whatſoever (not Surds ) moſt accurately. : 


25. Before I proceed to the next Rule, wiz. Multipli- 
cation, I fhalk firſt ſt 2w how to multiply any Single, or 
Compound Circulate by ro, or 100, or 1000, Sc. And, 
2dly, I ſhall ſhew a Method, how to divide a Number by 
any Number of 9's, after a new, eaſy, and compendious 
Manner. | | | 


* 
OI - —— 


I. * 
ift, Let the Single Circulate, 4 ( — be given to be 


4 


multiplied by 10, or 100, or 1000, Gc. And the ſeveral 
Products will be as follows. VIII ee 


4 X 100000 44444. 
4 X 1000000 = = 444444) and ſo on. 


That „4 x 1000000 is wy to 444444, is manifeſt, 


100000 
For = 1 : On r = 444444, Cc. 


In like manner each other Product might alſo be proved 
to be true. 3 - 


* 4 5 
: — ; 
£ 


2dly, Let the Compound Circulate , 1495 (8 = 


given to be multiplied by 1a, or 100, or 1000, Ge. And 
the ſeveral Products will be as underneath. e 53-00 


,12195 * 100 = e Fe Wei is 
121935 x 1000 = 121,95 81 1 0 e. 
12195 10000 _ + = 123965, i „ 
„12195 * 100000 = 12195, 7 
312395 X 1000000 = 1219515 I y <1 66: 9d 
22195 X 10000000 = 1219512, | f 
512193 X 100000000 = 12195121, and ſo en. 

b That 

| C 


(50) 


That 12195 * 100000000 is equal to 12195121, is thus 


/I00000000 500000000 
proved, viz. 2 


12195121,95 Se. 1 


After the ſame er each other Product might alſo 
be proved to be true. 


Secondly 


26. I c come now to ew a Compendious Method. how 
to divide a Number by any propoſed Number of g's. 


h, W 


Let 5749622148887$74483270975 be given to be di 
vided by 99999 - i 390 A” 


o * . 


RULE. 


Mr the Dividend beginning at the Left-hand (as 
underneath) inte diſtin Columns, having as many Places 
of Figures in each ( ſupplying its Defect with o's at the 
End where there is no Repetend) as are the Number of 

s in its Diviſor, (which are 5 in the above Example:) 
chen take the Figures in ˖ the firſt Column (37498) and 
place them under the Figures in the 2d Column, and their 
Sum (79646) plats under the Figures in the 3d. Column, 
and their Sum (168433) becauſe it conſiſts of more than 
5 Places of Figures; place under the Figures in the 4th and 
3d Columns, and their Sum ( 2132 3255) ) for the ſame Rea- 
{on as the laſt, place under the 5th and 4th Columns, (as 
below ) and ſo en £0, as you.Jee in the following 
Examples, unto the. lumn : then add up the Num- 
bers, as they ſtand placed, by 10's, and their Sum mall be 
the Quotient 8 5 

N. B. The Figures, under the laſt.;Column are the Re- 
mainder of the Diviſion, or they are part of the Quorient, 


being 


11 CODOOQOT: *X c let: 


1 2 
1 
15 


(57 ) 
being a Decimal Circulate when the Dividend conſiſts of 
Integers only, as in this Example, 


Operation. 


57498 | 22148 | 88787 | 44822 | 78975 
57498 | 79646 | 68433 | 13255 
I 2 2 


Quotient 57498 79647 68435 13257 92232 


g : | 92232 
uotient is 87964768 132 
Qu 57498790470843513257 95599 


Or 57498796476843518257,92232 


Thus I have obtained its Quotient and Remainder, or 
its Quotient as a Mixt Compound Circulate, by Simple 
Addition only, the moſt eaſy of all Operations: and to do 
it you ſee it required but 23 Figures in the whole Work; 
whereas by the uſual and common Method of Diviſion, be- 
ſides a careful Attention, it would coſt the Practitioner 


not leſs than 238 Figures to obtain the Anſwer. 


The Reaſon why 2 under the g in the laſt Column is 
there placed, is, becauſe the Sum of that Column is 292230, 
which Sum ſhould have been added to the Figures in the 


next Right-hand Column, if any; but there being no ne- 


ceſſity for more Figures, the Units, in the Place of 100's 
of Thouſands, muſt be placed as above; elſe we ſhould 
want a true Remainder, or a juſt Mixt Quotient, 


As 


632) 


Evample (2.) 
Divide 979891 by 9999 


Operation, | 
9798 [ 91,00 
9798 
I 


* 


* 


n 


| Quotient 97,99 8899 


ä SHR HY . 
Quotient is Or, 97,9988 
| 97 99 g 9 97 6 

The two ,o's above are placed in the laſt Column, to 
_ ſupply the Defet. Had there been more o's placed, in 
order to have had more Columns, the Circulate 9988. would 

have been as oft repeated, therefore it would have been 


needleſs to have annex*d more o's. | 
Example (3.) 
Divide 3501,23022 Fc. where 2 would infinitely re- 


peat, by 99. 
Operation. 
0222222222022 2222222222 


3501, 23 
35 3689 61083052749 71 93133759 
Jö; öꝗm 14 $1.2 1 Ti. 24 21 21. 3 


—— —  — — 


66—6P. .. —_—_—_—_—_. 


Quot. 35, 36 59 61 84 06 28 50 72 95 17 39 61 84 


In this Example I placed 22 at pleaſure, in order to 
find where about the Quotient would produce a Circulate ; 
and I found it as above mark*d off. | | 


> 


The 


REP Ly» Er 
2 


ts . a 
2 5 n + 
3 AB doo. 7h 


2 Se = 
4 EE Yea 
ES wes 


2 . . To il nn uo as 
Cre arch 


<7 


(38 


The Reaſon why I placed the 3 in the laſt Column, 
was, becauſe 259 --22=281 (the — of that Column) 


-.-22=303 would be the Sum of che next lower Column: 
Therefore I placed the 3 found in the Place of 100's, as 


above. | 
Example is 
Divide 62952937047 by 999999. 


Operation. 
629529 | 37047,0 
|} 0295291 


Quot. 6298259 e de ri 
which is 62953 compleat Foe its Quotient. 


| Example (G) ang 
Divide 123333332277 by 999. 


- Operation... : WW 30603 


123 = 332 [211 
I23 456 NH] 64: , 


Quot. 123 450 788, en 85 
Which is 12 123456789 cb plent for its 1 ** 
g 222 is equal to it. | 


For 12 4 6 2 
» 3 5 7 ; _— 
z 4 : 7 
999 s „5 4 i 3. "I... o [Id 
„ 1 
1 * 4 N * 
a 
# $ 14 *- 
, 
3 
F , 4+ 1 5 1 
” 1 ; R 
Ee K 2 
7 £ [7 
0 T - 
: z x 7 
4 aon: 
LE 7 
8 * * of $44 4 


45+) 


Example (6.) 
Divide 92609907390 by 999999. 
| Operation. 


926099 | 07390,0 
- [926099 


Quot.' 92609,9 999999 


Which is 92610 compleat. 


Example (7.) 
Divide 2465529966,9 by 999999. 
„„ 
246552 J 9966, 90 000000 
246552 243242 


Quot. 2463,53 


243243 243243 

Which is 2465,5324 WE, 

I have wrought this Example at large, that you may 
readily ſee that the 324 in its Quotient would infinitely re- 
peat. 4g 5 : - ; > 

N. B. What the Quotient would be, when the Dividend 
conſiſts of a leſſer Number, or of the ſame Number of 
Places of Figures with its Diviſor. See Art 14, 15, 16. 


In order to find out the true Product in Multiplication, 


we are often obliged to divide by as many 9's as the Cir- 
culate conſiſts of Places of Figures; therefore it was ne- 
ceſſary that the Learner ſhould be acquainted with the 
eaſieſt Manner of doing it, as above: by which he mg 

| with 


. 


4 
20 Ss Wen „ 
TSS > 
In, EE Ss r 
N 
3 


Me = 7 
3 : 
3 © ON 
ES r 


| {$8} 
with the greateſt Expedition find the Quote of any Divi- 
fion by g's, if required, to an hundred Places or more of 
Figures, with very little Trouble, 


NO 8 
n KIA * 
5 * FP Ne 
1 8 


88 
3 


N 
. 8 
r 
K 
. 


Here follows an Illuſtration of the Method uſed in the fore- 
going Compendious Diviſion, V1z. 


iſt, Let 58476947 be given to be multiplied by 9999 
in the moſt Compendious Way. Vide Art. 10. 
Operation. 


|<. 5 584769470000 
9 58476947 


584710993053 its Product. 


2dly. Now the Converſe of this is its Proof by Compen- 
dious Diviſion; | 


As divide 584710993053 by 9999. 
Operation. 


Diviſor 9999 1 5847 | 1099 | .3053 The Dividend 
5847 | 0946 


Quotient 5847 6946 Rem. 9999 = 58476946 , 


_ ; which is equal to 58476947. For the Rem. 9% | 
f equal to 1 or Unity. Wherefore the exact Quotient muſt 


be 58476946 -|- 1 = 58470947, as above. 


From this Illuſtration, I am perſuaded every attentive 
Reader will, by Inſpection only, more eaſily perceive the 
Rationale for the Compendious Method of dividing by any 
Number of 9*s, than he would by any verbal Demonſtra- 
tion that can be offered him. | 


CHAP 


6 
CHAP. IV. 


Multiblication of Circulates. 


A General Rule for all Caſes. 


Educe the Multiplicand and Multiplier to their E- 
R quivalent Single Fractions ; then proceed according 

to the Rule preſcrib'd in Multiplication of Vu'gar 
Fractions, and the Fraction ariſing will be the Product 
compleat in a Vulgar Fraction. And if you divide its 
Numerator by its Denominator until o remain, or till you 
diſcover a Circulate in its Quotient, you have then the 
Product ſought. But if neither of theſe happen ſo ſoon 
as you could wiſh, you may ceaſe, when you think you 
have the Quotient near enough for your purpoſe, and may 
be content to give it as the Product approximately. 


Example (1.) 


Multiply 45,6 by 33 


iſt, Their Equivalent Single Fractions re and 33 
I 


I 
Vulgar Fraction ; which being divided as above directed, 
will produce for its Quotient 1507 which is a Finite. Inte- 


gral Product. 


And = x 95 =2353 the Product compleat in a 


Example 


"> tha: A $4 TRL. + 1 — * 2 2 
nn —: . ,, , ««˙˖˙˖Ü˖; ̃ - r Tp er 
k Ly LG ” 


(57) 
Example (2.) 
Multiply 9,3 by ,45 
100 


iſt, Their E. S. F. are 5 and ts 


Ag „„ 


the Product compleat in a 


12 100 goo 
Vulgar Fraction ; which is equal to 4,2 which is a Finite 
Mixt Product. 


Example (3.) 


Multiply 65, by 7,2 


iſt, Their E. S. F. are = and cs 


And 99% . 36499 
9 9 9 


Vulgar Fraction; which is equal to 475,05 whigh is a 
Mixt Single Circulating Product. 


the Product compleas - in a 


2 (4.) 


Multiply 4,428 571 by 1575 | 


1ſt, Their E. S. F. ue 242867 ang | 7 | 
2999999 9 


And 4428567 , 2 _ — 619999380", the Product com- 


6363 


999999 9 999999 * 
pleat in a Vulgar Fraction; which Expreſſion is beſt re- 


duced to 68, 8 by Cultellation or Piece-meal, viz. 1ſt, By 'A 
dividing its Numerator by 9, and that Quotient by 999999 i 
as 8 the 9's of its Denominator. 


Operation. 


” £2.28, 


_- ON W 
* 8 8 Fo. OR NE SN * 


658) 
Operation. 


9 619999380 _ | 
999999 | #2 wad Þ*- the firſt Quotient 


688888 
: 5 68, 8888888888 the ſecond Quotient 


— Sd 


which is 68, 8 the Product, or 68, 


Example (5.) 


Multiply 57945945 by 57.7 
That is, 
Multiply 57945, by 37, 


iſt, Their E. S. F. are —8— 4 999 


And $798500Þ * 32 22 the Product 


999 : 9 5 
compleat in a Vulgar f raction, which Expreſſion is beſt re- 


duced to 3 347987,98 by Cultellation, as the laſt Example. 
Operation. 
9 | 30101760000 


999 | "© 34 [464 | 000 | o the firſt Quotient 
798 | 


334 


333 798 7,98 the ſecond Quotient 


which is 3347987, the Product. 


Example 


(59) 
Example (6.) 


» 2 . DS. 

Multiply 14,857142 by 7, 5 14285 
iſt, Their E. S. F. are 9 d 727714215 
999999 9999990 
1050610143674520_ 


And their Product is 
999999 Xx 9999990 


a Vulgar Fraction ; which is reduced by Cultellation as 
follows: 


Compleat in 


. 4520,00 
1050611119428 


571428867 1428657 1428 1428 571428 
2244891795917 OY 510201 
3 


1050610119, 428 
A: 


. 105,0612244897959 18367 34693877551020408 1632 


Dividend continued 571428|571428 
081629 653057 


3 4—- 


Quotient continued 653061 224489 


Here we have the Quotient true to 54 Figures deep, 
done at the Expence of a very few Figures; and the Pro- 
duct turns out a mixt Compound Circulate, as mark'd a- 
bove. But we may be content to take the Product thus ; 


| I 
105,0612244897 which wants not pe 16885800 Part 


of an Unit to be exact. 6,291 e 


And 353 * 2 AA their Product compleat in a 
| 99 99 999999 oo 
Vulgar Fraction, which Expreſſion is beſt reduced by Cul- 
tellation as follows. | 


99 94/77, [o 
| 194 177 
| 3 1 


- "= 4 amet. 


in he firſt Quore 
999 98, 72727272 
957229956 

1 1 2 


* 


5 
” 0 L- . 
1 ä 5 PEE? 2 © - - 


* 


OO „ „ 223 


,0958 23 958 230 the ſecond Quote. 


which'is 509% 923 their true Product. 


L 
7 
2 
45 
4 
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N 
1 
> 38 
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IN 
* 
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FA 
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9 
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* 
. 


"Now ſeeing that the dividing by any Number ef os, as 
Hath Been täught, (in 2417. 20.) is much eaſter and more 
eadily done, than any other Diviſion whatever, except the 
*divi by 1, or 10, ör 160, Fc. ör y 2, erz, tor 
200, Sc. I ſay, ſeeing that ſuch Diviſions are now made 
ſo very eaſy, from thence then appears the Advantage of let- 
ting the Compleat Products in Vulgar Fractions continue as 
they firſt occur, without reducing them to lower Expreſ- 
ions in a Vulgar Way, becauſe in ſuch Caſes they will 

always have 9 or g's, with or without o's, for their De- 
| nominators, 


I R 1 ; 
3 . 5 S 
ee ee e . > 
CO Ne er On, ; 


. 
N . 
8 


13 
3 
74 
* 
22 
12 : 
s 
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nominators, as you ſee in the ſeveral Vulgar Products 


above. 
Myftrations of the faregoing Examples, 


r gen 
Ee, 1. Expreſſed in 2 Vulgar Way is 45 f K A = 


1 880000 
2? x57 5 = — = 
37 9 333 


Ex. 5. Is 57945 


3347987298. 


6 T 10296 


W 
Ex. 7. Is =x = = = =,095823., 
7 OT kt, at ns 


By the General Rule for all Caſes, the Products of any 
given Circulating Expreſſions are very eaſily and readily ob- 
tained 3 and that too with little or no trouble, and withoyt 
any burden. to the Memory, more than is neceſſary to find 
the Product of two Vulgar Fractions; eſpecially ſince the 
Methods of finding the Equivalent Single Fraction to any 


=105,0612244 Ec. 


Circulating Expreſſion, together with that of dividing hy 


# + # "I 


is now made beyond Expectation eaſy. | 
L 2 Howe- 


any Number of 9's, (the conſtant Diviſors in ſuch Caſes) 


662) 


However, as there are 8 Methods for finding their 
Products made uſe of by the learned Mr. Cunn, and other 
great Authors ſince, who have followed him therein, I 
ſhall in this Place the more willingly make one of their 
Number; and becauſe too I ſhall add ſuch Obſervations 
upon the Whole, that whoever ſhall look into Mr. Cunn's 
Examples of Multiplication for the future, may from mine 
eaſily underſtand the Reaſons of the various Methods, 
which that Author was pleas'd to make uſe of to give their 
true Products. But in order thereunto, Jam under the Ne- 
ceſſity of diſtributing the Examples in this Rule into 3 
Varieties, viz. 


Examples, Where the Multiplicands conſiſt of Single or 
Compound Circulates, either Pure or Mixt, and their Mul- 
tipliers are Finite Expreſſions, either Integral, Decimal or 
Mixt. 8 


CASE 1. 
Examples having Single Circulates. 
RULE. 


When you multiply a Single Circulate, carry 1 to its 
next Left-hand Place for every 9 found in its Product, and 
ſubſcribe and mark the Overplus, if any; or if none a o, 
for a Single Circulate in its Product; and proceed with the 
other Figures in the Multiplicand, as in Common Multi- 
plication : ſo ſhall you obtain the true Product. But when 


the Multiplier conſiſts of two or more ſignificant Figures, 


then proceed: with each of them as with its firſt Figure ; 


and before you add their particular Products together, 


make their ſeveral Circulates to end together, as was taught 
in Addition: and their Sum ſhall be. the Product ſought. 
N. B. Be careful to mark off its Fractional Part, as is 
taught in Multiplication of Decimals. 


The 


( 63) 


The Juſtneſs of the above Rule is manifeſt from this 
well-known Truth, Viz, That Multiplication is is a nen 


A. 


(J.) 
Multiply „4 
by „2 


Product 0 
(5. 
4,3 
99 


| Examples. 


(4% % WM - 


„ 


. 


3790 


30 | 


Which is 3,9 Finite. W is 34-9999 Finite, 


; C;; 


Gy 


45,0 
3 2 


1370 
I 3700 


I 507,0 


which is 1507 Finite 


(x0.). | ; 3 


2750000 


— 
— 


0286488 


Which is 2 Finite 


* 


( 64 ) 
NMuſtratious of the foregoing Examples. - 


. 
Ex. . It — Xx —== — = 9 CO cat. 
: * ID 5, 90 1 mph 


——ä—ñ4ͤ—ũ — — — 


0 922,2 _3149991_ 
Ex. 6. * is 3888 98 09 9000 eee 


Bx. 7. It is 1 x — _ - —8,88 Sc. where 8 would 
infinitely repeat ; | 


Ex. 9. It is 45: 799 vide Ex. * . wader the Gene- 


ral Rule 
| | 4: Wn | Os, 
g Ex. 10. It * 2502964683. 


Ex. 11. It is 160 8. * 1 — — 22560, 972. 
“ 36 
CASE 


( 6s ) 


CASE II. 
Examples having Compound Circulates. 


"RULE. 


Multiply Compound Circulates as in Common Mulcipli 
cation; with this Caution, vis. That to every Product of 
«the Hſt Figure, to the Right-hand of it, be careful to add 
as many Units, as do mentally ariſe to be carried fam the 
*inft Eure! in the Cixculate to the next Place to it; and 
,procedd with the other Figures. in the Multiplicand as uſual: 
then mark off as maſy .Plates of Figures for the Cirrulate 
in the Product, as there are Places of Figures in the gixen 
Circulate. But when the Multiplier conſiſts of two or 
ificant Figures, then proce with each of them, 


as with its firſt Figure; and before you add their particular 
Products together, make.theiri{cugral-Cirgulates to end to- 


gether, as was taught in Addition: and the Sum of the 
Whole ſhall be the Product ſought, when Jou! have mark d 
off its Circulate, as r 


| _ Evamples. . 
65 00 N 60 "aq 
Multiply-4i8 5 27. 35887 , 02439 
VN 9 {4 X ,003 


$054 265 26.229929 397317 
— — | - . 
which! is 27 Finite, 


(5.9 


( 66 ) 


(5.9 1 4/76) (7:) 
4.63658 | 857142 8,675 
5 3 37,89 
'2 5 2268292 ; : 4285714 3 78081 
31756097 59999999 694054 
e +21 Þt 936 685714285 6072972 
nt Fo Bi: . 26027027 
. 8 . 
which is 3, 402439 Reg: * 1 
; Which is, 75 Finite. 328,721 35 


 Thuſtrations of the foregoing Examples. 


| 2212. 3 3 a . © 
In _ 3 It is 118 2 


7 2 d * 
Ex. 2. It is 2 x 2 = 7 =2,45. 


I 11 
r 
Ex. 3. It is 3 = x = = 2 compleat. 
3 | 35 1 7 7 P 
Ex wade x „„ i Fel 
, « 4+ 1 1 , 00307317. 


1 
Ex. 8. It is 4 75 * CE = 3,4024.39, 


Ex, 6. It 5 7 x = © Eins compleat 


667) 


1 89 1216269 
Ex. 7. It is 377 9 —7500 


5 
32872135. 


To find the true Product of Examples of this kind, Mr. Mal- 
colm, in page (483) gives the following Rule. 


Multiply by each Figure of the Multiplier, thus : Take 
firſt the Product of that Repetend, (of the Multiplicand ) 
and divide it by a Number conſiſting all of 9's, as many 
as the Number of Places of the Repetend ; write down the 
Remainder in the Product, and carry the Quote to the 
Product of the next Place, and go on with the other Places 
in common Form : And obſerve that this Remainder 1s a 
Repetend in every partial Product, and if it has not as 
many Places as the Diviſor, -or Repetend of the Multipli- 
cand, you muſt ſupply the Defect with o's on the Left; 
and in this State ſet it in the Product as the Repetend. 
When you have thus got all the partial Products for every 
Figure in the Multiplier, make a!l the Repetends Similar, 
| Which is done by drawing them all out as far as the firſt 
then add them, the Sum is the Product ſought, in which 
ſet the Decimal Point according to the Common Rule, 


From this Gentleman's Rule we may eaſily perceive, 
that in Examples which have large Multipliers, it would 
often prove very tedious to find the true Product; whereas 
by the Rules aforegiven in this Variety, the ſame Purpoſe 
with his is every way anſwered, and that too with little or 
no trouble: for by multiplying the Multiplicand with that 
Cabtion, which I have there directed, you mentally divide 
eacn partial Product by 9 or 9's, according as the Repe- 
tend conſiſts of one or more Places of Figures, Sc. 


Variety 2. 


Examples, Where the Multiplicands are Finite Expreſ- 
ſions, and the Multipliers conſiſt of Single or Compound 


Circulates, either Pure or Mixt. 
de CASE 


* 


l 
reſt * 8 ” 
ond 
E 5 . 
3 
— Lv 
: * 
CA 
4 : 


5 
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CAS E. I. 


Examples having Pure Circulates. 


. 


12 
"Iwo r 


a, 


RULE. 


— —— * 


** 


1ſt, When the Multiplier is a Pure Single, or a Pure 
Compound Circulate, 1. Let the whole Operation be as in 
Multiplication of Common Decimals ; then multiply its 
Product by 1 with as many o's annexed as the Circulate 
conſiſts of Places of Figures; and with alike Number of 
25 divide this laſt Product, ſo ſhall its Quotient be the true 
roduct required. | 


_- & — 
8 * 2 
. 
— 


Or thus, 


2dly, Find the Multiplier's Equivalent Single Fraction; 
then with its Numerator multiply the Given Multiplicand, 
as in Common Decimals; and that Product divide by its 
Denominator, and the Quotient ſhall be the Product 


required. 


* 


N. B. In every Operation both in this and the next Va- 
riety, where the Given Multiplier is made uſe of, there the 
firſt Direction is followed: But where a new Multiplier is 
uſed, there the ſecond Direction takes place. 


I ſhall explain the above Rules by the two following 
Examples, wrought according to both Directions. 


Abi 2 2 * 1 l : s 


—— — — 


Pr ̃ ˙ ⁰⅝ßt: és 
. 14 e 
r 
xx 3 3 


2 F — 8 wn 8 « . 8 
res VE rr. > 1 8 8 
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669) 
Zy the firſt Direction. * (1) 
Malciply ,6 by , 8 
Operation. 
6 
8 


. a 


48 the firſt or Common Product: 


— — 


4,8 the C. P. multiplied by 10: 


. 


> —— 


will give 53 for its Quotient; which is the true Pro- 
— duct required, 


(2.) 
Multiply 5875 by , 36 


31800 thefirſt or Common Product: 
31, 00 the C. P. multiplied by 100 


And 99 | 31550 | 


* * — 
\ F 
* - * 
# * 
31 5 Lg ” 
CY ff '» & % , , " . 
(2:4 
5 — 4 of - 
* — 
* 


will give _ 1 Se its Quotient, which: is its true 
— — Product required; 


Woe go” —_ —_—__ ws * 
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(70) 
The fame Examples by the ſecond. Di relbion. 
Multiply ,6 by 8 Note ,8 is equal to 4 
Therefore 8 is its New Multiplier. 


9 | 4,8 
153 its true Product. 
Multiply ,875 by 36 
Therefore 36 is its New Multiplier. 


| 52.50 
2625 © 


99, | 31, 


102 


31 81 81 its true Product, which is 318. 


Illuſtrations. 
Now Ex. 1. Is 2 1 ==; its Product compleat in 
a Vulgar Fraction; whoſe Numerator and Denominator. 
being divided by ro, the Expreſſion will become whoſe 
Quotient is 153, as in the Operation, | 


And Ex.2. 13 575 x 30 — 32500 |; its Product com- 
7e O00 


pleat in a Vulgar Fraftion ; whoſe Numerator and Deno- 
minator being divided by 100, the Expreſſion will become 


315 3” 
990 © 99 


whoſe — is, 31 8, as in the Operation. 


36 
Note 36 = 2 n 


Compare 


1 
- 
Wo 
4.4 
* 
7 
* 
2 
4 
* 
38 
ny 
2 
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Compare theſe. and the following Illuſtrations with their 
ſeveral Examples, and you will eaſily ſee the Reaſon of my 
nning the Rules in the manner J have done under Cafe 1. 
in this Variety, © r 


More Examples. 
8. 
Multiply ,015625 
by 58 


' 9 | ,125000 Common Product multiplied by 10. 


01 38 True Product. 


(4.) r 
mis M. 2,34 
by 23 


—— 


5 | by 503 | 


—— 


9 | 23,625 C. P. x 5 9] „762 C. P. x 10 


2,625 True Product Finite. 1 


—— 


(6.) | „ (7. ); 
„C 
913780 C. P. 10 9 19080 C. 

420 True Product Finite. 2120 True Product Fi- 
nite. 


"= gl 
846 True Product. 


— — 


ſ 


» 


* * 10 - 3s 


Huſtrations 
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(72) 
ae the ſeg bre. 


Ex g. I8 = x— = --—=,0138, 
"i Tas.» 


E. 4. 1 7 a * 2 = * 2, 623 compleat. 


A 6 
Ex. 5. Is — — 2 2, O8 56. 
100 90 9000 Y 


=420 compleat. 
6 232 30 19080 
'9 


3 7. Is - 22120 compleat. 


* 8 , 3 is is the Multiplier, its true Product will 
be the — of its! Mutriplicand, whether this be a Finite or a 


LE 


Craig n For 3 = 8 N ; But when 


1 . 14 GE 1 " 3 


a 


the W Is ester ,03 or, oo 3 or ,000 3 Sec. then the 


3 of — Sc. of the ne will be its 
30 300 3000 


true Produ& : And when the Multiplier is either 3 or 3 5 
or 333 Sc. 1 then che — of 10 times, or 100 times, or 


1000 times, Gee. of the Multiplicand wil be | its true Pro- 


(8, 
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(8.) 
M. 1422 


| ops 
7110 
9954 
8532 
999 | 959|850 C. P. x 1000 
959 
I 


960, 810 True Product. 


7 9.) 
1. M. 300, 873 
by 329268 


4007000 
3005250 
1001730 
9078 75 
1001750 


99999 | 110590 CORY 50 C. P. x 100000 
1 | 


— — 


110,59 72009 True Product. 


Which is 110,597200 


„ * . re" 


( ) 
(10.) | 
M. 19448100 
by 4380952 9 
38896200 8 5 
97240500 | 7 


175032900 
155584800 


eee 


rere. 
7408 79 £2: 


7498799,99999 True Product. 


which is 7408800 Finite. 


Illuſtrations of the foregoing Examples. 


Ex. 8. eee, 3. e 20 
1 999 999 
29268 __ 11059609500 


Ex. 9. 18.529375 * = ce 
1000 99999 . 99999000 


i 


110, 597200. 


ö Mt. bg ont .} bgy PO 
4 999999 999999 


7408 800 compleat. 


From the great Number of Illuſtrations upon the Prin- 
ciples of Vulgar Fractions, already exhibited, I am per- 
ſuaded that even no common Reader, whoever, can now 
ſtand in any farther need of my Aſſiſtance for more, but 
what he may very readily ſupply himſelf. And I wiſh 1 
might eſcape Cenſure for having given ſo many. Wherefore 
I ſhall omit the exhibiting any more, and leave it to the 
Praditioner to apply them to ſuch of the following Exam- 


ples, as he himſelf ſhall think may require it. 
CASE 


(75) 


CASE U. 


Examples having Mixt Circulates. 


RULE. 


When the Multiplier is a Mixt Circulate, having in its 
Repetend but x or 2 Places of Figures, and its Finite Part 
conſiſts of more Places, then 1ſt, Find the true Product of 
the given Circulate, as laſt directed: and 2dly, Find the 
Product of the remaining Figures; which add to the true 
Product of the given Circulate: and the laſt Reſult ſhall 
be the Product ſought. 


Examples. | 
6.) 
M. 475,75 
by 14,26 


9 | 285,450 = C. P. of, ob x 10: 


37,710 = = True P. of 5 
95150 = FP. of „2: 
190300 S P. of 4: 
47575 P. of 10: 


6787, 366 


which is 6787,36 . 


(76) 


(2.) 
M. 675,054 
by 61,03 


22, 30180 = True P. of og: 
6750549, P. of 1,00: 
4050324 = P. of 60: 


41200,79589 
which is 41200,79 58 Finite. 
| (3. 
M. 487, 65 


by 5,06 


g | 292,590 = C. P. of ,06 x 10 


32,510 = True P. of ,06: 
2438250 = P. of 5,0: 


2470,760 


= | | which is 2470,76 Finite. 
1 .) 
M. 405,81 
by 70,45. 
202905, | | E 
162324 | 
991 18126] 1,415 C. P. of , 45 * 100 
184458 ES. 
| I | 


28 59 x ,15 90 True Product, 


„ * — 
| ei — — 2 
— * : + 
9 1 * 
N * : 7 — 


6% 


Obſerve that in ſuch Operations as thoſe it is very neceſ- 
ſary to mark off the true Product of the given Circulate 
with its Decimal Diſtinction, as above; that being a cer- 
tain Guide where to place the next Product, for want of 
which an Error might eaſily ariſe. 


The two following Examples are wrought according to 
Direction the 2d, under this Variety. 


(5. 
Tow the E <2 = 492 
M. 4,28125 Note the Expreſſion 4,36 * 
by 436 


Subſt. 4 the Finite Part 


will leave 432 the New Multiplier of the given Circu- 
late's E. S. F. "= 


56230 


84375 
112300 


99 | 12 or 2 Here the Fractional Part is mark d 
| 25 off from the Multiplicand, and 


155 
I 2 | 
its New Multiplier. 


1,2 2 - 27 True Product 


— 


which is 1,227. 

For as much as the Expreſſion 4, 36 is equal to = i 
8 that the Operation in all ſuch Caſes muſt be as 
above, ne 


678) 


(2.) 
M. 81000 Note the Expreſſion 24,925 = 
by £24,925 zl 
Subſt. 24 
will leave 24901 the New Multiplier, Sc. 
| 81000 
7290000 
324000 
I 62000 
| 9991207698100 o, Firſt Product: 
201 8999 


201 899 9,99 9 True Product: 


which is 2019000 Finite. 


2400 
995 


I muſt here obſerve to my Reader, That moſt com 
monly every Example, that may happen in Compound 
Circulates under this 2d Variety, is more eaſily and-quicker- 
ſolved by changing the Multiplicand for the Multiplier, & 
e contra by proceeding with the Operation as directed under 
Caſe 2. Variety 1, As for Inſtance ; let us take the laſt: 


M. 24,92 5 


Example, and we ſhall ſee the Advantage in ſo doing. 


by 81 000 Testi 4 D308 
J place the o's thus, to prevent 
9 the Learner's making any 
_ 00 © Miſtake in marking off the: 
1 Fractional Part. 
24925925 
1994074074 
2018999,999. 


which is 2019000 compleat. 


Thus 


3 A . 9 * 9 > - 7 N 4 "Mp = 
ws wo 3 at r „ „ ere oa eee ee . 189 ac — 3, 
— "I nnn 8 ; 
bs we EW * 20 BY" ̃œů „ 14 f | 
Es W's 7 T 25 * * n i N DOTS FRA — 4 
T E + 2 . _ ET bt wt TIC IE * * 
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Thus you may ( by changing the Mulplicand for the 
Multiplier, where Compound Circulates are given ) find the 
true Product with the leaſt Trouble. But I was obliged to 

make this 2d Variety, in order to explain ſome of the O- 
perations made uſe of by Mr. Cunn, and other Authors 


fince him. | 
, ly Pro WS i 


Variety 3. 


See Wbere both Multiplicand and Multiplier con- 
ſiſt of nne either I or Wr 8 or 


22 Mixt. 


71 * 


| | | R 17 L. E. 5 by 3 | 
| itt, 1 * the Given Multiplier is a Pure, Cireulate, 
then multiply as was taught in Variety 1, and divide its 
Product by as many. 9's,, as the Given Multiplier hath. 
Places of Figures; the Quotient ſhall be the true Product 


required. 


2dly, But when the Given Multiplier is a Mixt Circulate, 
firſt find its Equivalent Single Fraction, and then with. its 
Numerator, multiply as above directed; and by its Deno- 
minator, divide that Product; the —— ſhall be the 


true eee . poi ö 
: Examples. . 
| (1.) (2.) 
| | D 
5 MN. 11,523 M.. 60,96 
2 1 | 0 vel 892 A 
by oe © = 3 


9 6,9140 = C. P. 10 9 360,40 = C. P. x 10: 


7682 True Produ. » 46,04, 


——— — H— 


oe (3.0 


( 80 ) 
(3.5 goed e Wd 
M. 18,584 . 25.34 | 
by | — by „05 
1 
9177337 = C. P. x 10: 9 12,67 C. P. x 10: 
| OE : 
$,25975 305 641 1, 408024691 35 


Obſerve, When both Factors conſiſt of Circulates, it is 
very uncertain what kind of Circulate will ariſe in the true 
Product, becauſe of the Figure or Figures 7 repeat in 
the Common Product, before the dividing by 9 or 978; 
therefore we muſt very often in ſuch Caſes be content with 
the Product approaching as near the Truth, as Cw, 


may require, oa e Eras 
eee novics C 
M. 575,86 . cls ; M. 57,656 
19,218 True Product. 12, 18 True Product. 
©) 5 3 
M. 5,3 by 6. Note 6, == 


Therefore 60 is its New Multiplier. 
9 32,00 Firſt Product: : 


36, True Product. 


(8.) 1 
M. 54321 by 6666, Note 6666, 8 
Therefore 60000 is. its New Multiplier. 


60008 


9 32 59260000 Firſt Product: This Example 
wes | Is of the 2d 
368 140000 True Product n 5 Variety. 


Compare the two precodliog WPI = Mr. Hatton's 
Operations in his. Mathematical. Manual, page 187. and 
189, being the 1 rth and 12th Propoſitions of his Myſterious 
Curioſities in Numbers, or Num Noreltics. 


—— — 


+ Or. 2 
M. 74672 | 
by 44445 


9 | 5674,90 C. P. x 10000 


f 


630, 54 True Product. 


-(10.) URL 
| M. 134,75 (EIT 
by 6,4 


9 | 539,02 C. P. of 4 * 10: 
598913580246 = True P. of 4 
085333333333 E = P.of 6, 
_$68,4246913580 True Product, 


(rr) 


( 32 ) 


=} 2M; 3 51 See Er 7; under * een 
ye fo, 2, -, Rule. 


99 194 36 48 64 c. P. x 100: 
94480128 
I} 21 3 


095 82 30 95 True Product ,09582 3. 


4 4. 


(12.) 
M. 57945945 by 57,7 
pat 185: 0 
=_ | 8 
M. 37945, Note the : Expreſion 57, = ” 


by 57. £ 
Therefore 520 is the New Multiplier 


000 
1158918 
28972972 FTT 25 


91 823757 Firſt Product: 1 


227570 True Produtt: 2 


which i 18 1 


„ n 8 
— OA * , a 


83) 4 


That nothing might be wanting perfectly to inform the 
Practitioner, the next two Examples ſhall conſiſt of low 
Decimal Expreſſions 3 that when any ſuch ſhall occur, he 
may not be at a Loſs how to mark off the Decimal Diſtinc- 
tion in the true or approximate Product. 


(13). 
Multiply ,027 | Note 203 = 
by „og 


* e 


Therefore 3 is the New Multiplier: 7 


081 Firſt Product: 4 


08 
98 


81108110] 8x 


18990717 
"I 1 I} 


99 | ,08; 10 


— —— 


0008 19 oOo 08 2 oo True LOOT: 
which is ,00081 9 | 
(249) 
M. ,027 Note the : Expreſion 1927 = 995 
by „027 | 
Therefore 27 is the New SORE, 


189 


5 7 * N 9 . Tr . { 0 es #5 Þ 
1 . . 1 v . »A.# 3 
9 441. 4 - 'J 5 VE. oQ & 4 — . 4 — . - 
LW) * % . 
Wi 40 — —— 2 „%4„„„7 2 K * 0 4 — — 4 . — 
* 


- 729 Firl Firſt Product. 


999 L 3729 [729 72 729|729|729 
iq 1729 el ap 91 16 
| * 


729 Te. . 
>, vr . 


[4 
a — 7 — 


* P. —— e 9291 Ache 37 „Sen e 


— rr 


which I ſhall exhibit i in Involution, Chap, 7, 
O 


e 
# 


2 "Rf rey 5 * 4 
3 * MF . * * *. 
Fx 
£ 
: > = 9 
- 8 - - 
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In the rft of the two Examples above I prefixed two o's, 
and in the Jatter three o's, before I ſet the Decimal Di- 
ſtinction in their true Products; it being according to the 
Laws of Diviſion in Common Decimals : which I would 
have the Learner carefully obſerve, to prevent Miſtakes. 


(15. 
M. 14,8 57142 Note 7,0 1428 5 = 


by 7,071428- 282421 
Subſt, : 76 - 9999990 


— 


70714215 the New Multiplier. 


74285714 
148571428 
2971428571 
59428571428 
4855 
0399999999999 
co800000 | 
1039999999999999 


1050611194,285714 Firſt Product. 


See = true Product, Example 6. under the General 
e. . | 


I ſhall conclude this Variety, and with it Multiplication, 
by exbibiting the Operations (after my manner ) of the laſt 
three Examples from Mr. Cunn, pag. 82, 83. And I 
doubt not hut that by theſe Examples, and thoſe nne. 


— — 


— 
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the meaneſt Capacity, with very little Attention, may moſt 
readily be able to give or aſſign a Reaſon for all the various 
Methods, which that Author (or any other ſince him) was 
pleaſed to make uſe of, to find the true TI = any 
Circulating Expreſſions. | 


N. 3.145 Note che Expreſſion 4,299 = 4298 


999 
by 4,2 
Subſt, * 


will leave 4293 the New - 


22581818 


999 J 1235008. 160 636 Firſt Produd . 
13 51 2 * | | 


13,5 169 533 4 160 True Product | 


by OI 5 . — 0 
A — — 


Oy —_— — 


8 is cots 
* *. * Wy A : 1. 7 
N — 
9 b L 


. „ „ * 2 


B $3 | . : | #5 : 
M. 2,172 Note the — r11,g8= 


tte ed a T1070 
by 111,98 ; 
Subſt. 11 992 


. F 


Fa 11 oy l is the New Multiplier, 18 the Cir- 
culation begins in the Place of Units. 


oo IEA 
F 52090 1 I place the firſt 0's to prevent the 
1738 4 "4 Learner's making any miſtake 
in marking = the Fractional 
2172727 | Part. 
21727272 
217272727 


999 | 243 062 999 Firſt nn 
243 ware 


243, 306: 306 True Product. 


11. 2 s — 
* s —— — OY . n 


N. B. Becauſe in the common Product the Circulate is 


99 therefore Mr. Cunn judiciouſly added. 1 to the next 
ace; thereby making the 2 become a 3: but I have 

wrought it at large, to let the Reader ſee that either way. 
the true Product would twrn out the ſame. 


oY 
9/4 8 


(07 } 


Multiply 21485,314 Note 481,7652 = 
by 48 1,7652 481764800 
Subſt. 5 33 


will leave 2 1764800 the New Multiplier, becauſe 
— the Circulation begins in 
© + Place of Tens. 


27188251451 
85941257257 
1289118858858 
15039720020020 

2 14853 143 14314 
1738825145145145 
8594125725725725 


10350868153572,772 Firſt Product, which. for 


2 dividing by 999999. 1 take down as under 
neath. 


103508 68153 72,7727 127727 727727 727 Fe. 
10350878 5043 512770240497 968 Cc. 
1 3. 


— * 


3 78,5044 512772 240499 —— 


— 


Ik it be deſired to ng the Value 9 that Fraction, which 
is left out, obſerve, that by omitting as many of the laſt | 
Places of Figures, as the Repetend of the MG . 


10 
© conſiſt of, viz. 6 Places, then the Approximate Product will 
be 10350878,50445127722409990 3 which wants of the 


| 722 
true Product — 222 of an Unit in the laſt Place, the 
y99999- 5 
Place of 6 aſter the 3 Nines. 
1 800 "wn 
Now the Expreſſion — 2 999 is equal to 
: | 999999 


2 1947008 - and the 6 is in the 18th Place below Unity, 
998999001 — 555 
therefore the approximate Product is defective of being the 


i .. 821947003 
true Product in the Quantity „ 
trillionth Part of an Unit, the Value of the Fraction left 


Out. 


E | 
Whoever will take the Pains to compare theſe laſt three 
Operations of mine with thoſe of Mr. Cann, will perceive 
that their firſt Products widely differ in their Fractional 

Parts. | ” | 


The Reaſon, as I take it, (for he alſigns none ) muſt be 
as follows: He muſt have conſidered the ſeveral New Mul- 
tipliers as Decimal Expreſſions, viz. his firſt he muſt have 


conlidered as 8995 his ſecond as 9555 . 
2 ; 7 1 
2 
999999 


And his having thus conſidered them, is the Reaſon why 
he omitted the o's in the laſt two Multipliers. For o's at 
the End of Decimals neither increaſe nor diminiſh the 


— 


A105 


of One, one 


N r „ 22 * _ 
wr = IH 8 Re I Eg . n 8 . r , 
X by IL F 8 . T = - 
þ # A S * * . n wn 2 1 E 
5 ye Y „ 4 
, 


1 


689) 


Alſo from the Expreſſions being conſidered as above, 
ariſes the Reaſon why his Quotient contains the like Num- 
ber of Integral Places of Figures with thoſe in his firſt 
Product. For any Integral Numbers ( not all 9's) being 
to be divided by as many 9's Decimally expreſſed, as the 
Given Number contains Places of Figures, will give in its 
Quotient the like Number of Integral Places. 


(96) 
CHAP. V. 
Dwiſn of Cireulates. 


4 General Rule for all Caſes. 


Educe te Diviſor and Dividend to their ora 
Single Fractions, then proceed according to the Rule 
preſcribed in Diviſion of Vulgar Fractions ; and 


the Fraction ariſing will be the Quotient compleat i in a 


Vulgar Fraction. And if you divide its Numerator by its 
Denominator, until o remain, or *till you diſcover a Circu- 
late in its Quotient, you have then obtained the true Quo- 
tient ſought. But if neither of thoſe happen ſo ſoon as 
you could wiſh, you may ceaſe, when you think you have 
the Quotient near enough for your purpoſe, and may be 
content to give it as the Quotient approximately. 


Example 1. 
Divide 19,1 by 4. 


aſt, Their Equivalent . Fractions are nd og and - | 
5 9 5 


And 5 „ 2} the Quotient compleat in a Vul- 
gar Fraction; which bing divided, as above directed, 
will produce for its Quotient 47. 


Example 2. 


2 7 125 14 115, by „6. : 
2 ift, Their E. S. F. are > and 1. 


And 2. 3 =I2 the Quotient compleat i In a 


9 
Vulgar Fraction ; which is equal to 192,407. 


Example 


Rt 
7 
2 
r 
3 
Fe <2 
LES 
TO 
ED. - 
8 : 
B. 
A 
2 5 
1 
5 
hs. 
1 


: — na on be 5 
PF 
„ 
1 
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Example 3. 


Divide 2470,76 by 5,06. 
are 202 : and 450 ; 
| 100 90 

1 4 2055 — + 459 — a EINE che e coals 
plea in a "Var Pragion; which is equal to 487,65 


mite. 


it, Their E. S. F. 


Example 4. 
Divide 559, 6 by, 243. 


„ D E EW 
| 10 999 


1 6 | 125 | 
= And 222 243 . 5799204 the Quotient compleat in 
| To 999 2430 


2 Vulgar Fraction ; which is equal to 2382,8 Finite. 
The Proof. 


Multiply 243 the Diviſor 
by 2 — ah: Quotient, 


1945 
4864 
194594 
729729 
4864864 


579.5999 £4 
which is 579,6 the Dividend as above. 
P Example 


ar 


— * 
— . 
r SF | : A by „ 
e eee 2 au ,, gg IE, 
X . A o » l N of make 4 by 
c * 999 * A E . Lt 6 4 
$ g 4 vor i AF. a ci ad eds xi "OE" FO I — 1 
% | 5 3 e "BIR WOE <2 n 
A : WHT 1 CSS dBK > 3 $ 1 1 : 
A g 5 n d —_ 8 1 


— 


8 X ” LT 
: >. —— be ow c I 


@ IP 7. . . < 
U 
< 2» 


F hes. * 
— 9 
1 


—_ - .— 
* 0 
4 
22 
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Example 5. 


Divide ,167 by 75. 
67 68 
1ſt, Their E. S. F. are . 
8 90 
And 55 8 an * 3 
| 999 90 67932 
Vulgar Fraction; which is equal to „22 125066242713 301 


5368 309485956544 8004191838897. 


their Quotient compleat in a 


Example 6. 


Divide 10124,97717 by 23,414. 


iſt, Their E. S. F. are 8 -— 4 2341400 


7 


bes en 2 99999 
, 10023627 1627260 ; 
whoſe Quotient 1s 231795600000 compleat ina Vulgar 


Fraction ; which is equal to 432,42828743253 945770 a 


1 ſet the Anſwer thus, that he, whoſe Curioſity prompts 


him, may proceed to find its Repetend. -- 


As in Multiplication, ſo here in Diviſion, we muſt very 
often be content to give the Quotient approximately. 


After the manner above might all the Examples in this 
Rule be readily ſolved. However, to comply with the 
Cuſtom of other Authors, I ſhall here exhibit other Me- 
thods, the Foundation of whoſe Operations chiefly depend 
on the foregoing general Method. And in order for the 
Learner's more ready Apprehenſion, I ſhall diſtribute all 
the Examples, which can occur in this Rule, into three 
Varieties, Viz. ee 5 


( 93) 


Variety (1.) 


When the Diviſor is a Finite Expreſſion, and its Divi- 
dend conſiſts of a Circulate either Single or Compound, 
Pure or Mixt, obſerve the following Rule : 


Divide as in Common Decimals; but be careful in the 
Operation to apply the given Circulate in the Dividend fo 
oft, *till the 8 turns out a Circulate: or if that does 
not happen ſo ſoon as you could wiſh, you may be content 
to give your Quotient approximately. For indeed in many 
Examples that may occur in Practice, except where the 
Diviſor is a ſingle Digit, and its Dividend conſiſts of a 
ſingle Circulate, on ſome choſen Product with one of its 
Factors, the Operation will frequently prove very tedious, 
if you are determined to find its circulating Quotient. 


Examples, 
(1 „ a 
7 | 756,7 ,06 | ,926 


— ͥ —¾— 


| Quote 118,7 | Quote 15,4 


(3.9 (4. 
5 | 2045 6] 7175.3 


Quote ,009 Quote 119 58, 


F 2 (5) 


3 2 N 
2 ads. © P * 1 
"ow, 1 . i”; 
AG - \ 
r 
RR GY 
* —_— 4 
7 
—_ 


l * r N * 3 8 
1 $a = 3 7 5 * „ Ee "Es * 4 * bed * e , * 
- » wi * Po Coe By , 4 YN. - 5 1 bo, * 
9 N 
1 * J ; 
Fi »* n _—_ a 1 
= Br 7 * : 
GR. a re nn r . 
Wy 
* 8 
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(5:) (6.) 
Divide 581 by 8. Divide 585,42 by +, 


I ˙ RE RET . 
2 ER CC 
0 bx + < [4 ». ing, Rae ESE 1 
I nor, Wen „ TOY 
e 
4, 


9 | 581,81 is tl $85,424242 


— — — 


Quote 72,72 Quore 836,32034 


* —— 


* _ r 1 


1 


4x mee Le abt 4d 1,7 
1 . 3 
x ELIT WEI _ RY 
Eben She ERS tr gt 29A 
- Roi bets. Ye 


7. 
Divide 4,8 37 142 by 7. 


_ 


7 bgn143857140857142857142857 142857 142857142 ” 


Q 693877 5 1020408 1632653061 22448979591 836734 


I took down the three laſt Examples for the Conveniency 


Cl { applying the given Circulate; which I repeated until the 
Quotient turned out a Circulate. 


7 


72 N 
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(8.) 
Divide 96,378 by 38. 


185878 

7661696178 55 

. 

— Aver, 1, 661696178 
35 4 the Quotient approxi- 
= _ mately. | 


457 
406 


518 
| 464 
N 34 


Thus, I think, I have exhibited Examples enough un- 
der this Variety. If any one have an Inclination to prac- 
tiſe with ſuch as will turn out Circulates, I refer him to the 
Examples in Multiplication, where he will meet with many 


whoſe Products being a Circulate or Finite Expreſſion, if 
| EE divided 


3 
4 5 
= 
1 
1 
5 
3 


r 


(96) 
vided by one of its Factors, will give the other for its 
Quotient, For Diviſion is the beſt Proof of Multiplica- 
tion, as this is of that. 


Variety (2.) 


When the Diviſor conſiſts of a Circulate, either Single 
or Compound, Pure or Mixt, and its Dividend of a Fi- 
nite Expreſſion, obſerve the following Directions. 


E. 1. 


Find the Diviſor's Equivalent Single Fraction; then 
with its Denominator, (which in this Variety and in the 
next will always be 9 or 9's, with or without o's ) conſi- 
dered as an Integral Number, multiply the Dividend; and 
this Product divide by the Diviſor's Numerator, conſide- 
red as an Integral Number, the Quotient ariſing ſhall be 


that, ſought. 
C4821. 
Of Pure Circulates, either Single or Compound. 


Examples. 
ts.) (2.) 
Divide 5664 by ,8. Divide 746, 3 by ,5. 


f 3 f 
58 5664 Here — is the ,5 | 746,3 Here 2 is the 


9 Diviſor's E. 9 Diviſor's E. 
AE. - noon 
$ | 50976 New Dividend. 5 | 6716,7 New Dividend. 


Quote 6372 Finite. Q 1343,34 Finite. 


I here beg leave to illuſtrate thoſe Examples, and with 
them the Rule above, by working both Examples after the 
manner of Vulgar Fractions. | 0 

(1.) 


697) 
(1.) 
Divide 5664 by, 8. 


' it, Their E. S. F. are —4. and 


Did — Dvidend. 
5664 8 
8 Denom*? 


50976 Num: 


its Quote IS = 6372 compleat. 


50976 
8 


(2.) 
Divide 746,3 by 5. 


P 


— 


| 6 
iſt, Their E. S. F. are 1423 and 
10 9 


7403 Dividend. 
10 | 
5 


Irie 


7403 


67167 Num” 50 Denom* 


=1 34.3, 34 compleat. 


67167 
50 


its Quote is 


Note, The Expreſſion 85 is the ſame with © 2 


Whoever, with a little Attention, will look into theſe : 
laſt Operations, will ſoon diſcover the Reaſon of my pen- : F 
ning the Rule as above. F 


For Examples in this Variety, where the Diviſor is only 


a ſingle Repetend, Mr, Martin to find the true Quotient 
- directs thus: | 5 5 RULEZ. 


(98) 
R UL E. | 
Multiply the Dividend by g, cutting off one more 
Right-hand Figure in the Product, which is now your new 


50 ay is then divide as uſual, and the Quotient will be 
Jui. | | 


Let us reſume my laſt Example, and work it by his 
Direction, £ | 
Divide 746,3 by 5. 
The Dividend = 746,3 
Multiply by 1 


Diviſor = ,5 | 691,67 = New Dividend 


I 343,34 = True Quotient. 


Which is the ſame Quote as mine. 
Mr. Pardon's Rule is, | 


If your given Diviſor be a Single Repetend, and you 
Dividend a terminate Number, multiply the Dividend by 
,9, and divide that Product by the given Diviſor. As, 


Divide 746, 3 by is; | 
The Dividend = 746, 3 


Diviſor =,5 | 671,67 = New Dividend. 
1343,34 = True Quotient. 


— 


Here, it is manifeſt that by multiplying by, 9, accord- 
ing to Mr. Pardon, inſtead of 9, the New Dividend in 
this Operation becomes the ſame with Mr. Martin's; and 
my dividing by 5, and not , 5, produces the ſame true Pro- 
duct with either. Hence though they may ſeem to ſome 
three different Rules, and by that means puzzle the young 
Tyro to reconcile them, yet their Effects you ſee are one 
and the ſame, and all have the ſame Foundation in Nature. 

8 My 


My Method being built cantly upon the Principles of Vul- 
gar Fractions, and partly on that of Decimals; and their 
Method wholly on that of Decimals. „ 


"4 : 


But 8 in hint of the three Methods e 
when the New Dividend is found, the Infinite Diviſor in 


the Operation then becomes a Finite Expreſſion ;' elſe the 
Laws of 3 and 6 of Circulate _ to 


ww «4 


wrought at large. 1 : 3 


151,746.90 is ſnl um. 


fl 65555 in , Abe. 
1343,34 9 f 


——— ——— 


Fs 9074 Ge. : 
1655 


3 


By this Operation you may perceive that there is an Infinite 
Product for every Infinite Remainder, and ſo continues to be 
repeated until the Infinity vaniſbes into o, Fe Univerſal Sym- 
bole or Character for — f 
30 


m * —_ . * „ 4 R nnn, 2888 2 

+. at — * obs, r 3 c 3 1＋ * N 
A SE VEN 3-2 | bog 2 es on e FN , S 3 A 1 5 N 
A y * l 8 ; * 49 2 2 


(300 in | (4 


7 | | 68,743 ; »7 | 10,45 


7 New Diy4 | 7 | 94,05 New Dive. 


71 618, 


Quote 88,3838 57 142. Quote 13,4367 1428. 


I ſhall take the Liberty here to remind the Learner, 


9. & F 


3 

N 

> i 
G 

| 8 


\O 
O 


Their ſeveral 
E. S. F. 


That the Expreſſion 
| 


i 


© | 9© | © 


6, 


0 
O 
O 


66, XS; 


e 


.. 
O © 
O 
O 


e 


6666, 


J 
and then propoſe the following Queries, viz. 


Let 742,85 be given to be divided by each of the Infi- 
nite Expreſſions above. : 


GY) 


err * 
n. 
3 


( x0T ) = 
(5.). 


iſt, ,0006 | 8 the Dividend | 
gooo the Denominator as above 


6 160 668 5650, 0 the New Dividend 
1114275, True Quotient. . 


(6. 3 | 
8th, 6666 | 742, 85 the Dividend 
9 the Denominator as above 


60000 | 6685,65 the New Dividend 


— — 


„11 14275 True Quotient. 


I have exhibited the Operations of the firſt and laſt Ex- 
amples, leaving the intermediate ones as an Exerciſe for 


the Learner. % . 

'E col | ; 5:13 yo 
; Divide 6794 by "tec F la 7 f 13 5 
. 80 | O80. 

Now 5,18 = . 5 

59 

6794080” 

6794 


11 6787206 Dividend X * 999 ; 


teat 4 
true Quotient. : | 4 


8 «ee 2 * 
. 
2 . ad 
9 X 


{ 192) 


It is not neceſſary to expreſs ſuch Diviſions at large; be- 
cauſe the Operation is the * as in Diviſton of Com- 
mon Decimals. ier 5 


The fame Exile, wrought «holly upon the Principe 
of Decimals, would be as underneath. | 
5518 6794 
6794 
5,18 6787, 206 = Dividend x ,999 3 


— 


1310,2714285 
true — as above. 


And then the Rule 8 this as Variety ſhould be ex- 
preſſed thus to make it as univerſal. 1 


INE K a: 


x Find abe Div viſors" Equivalent Single Fraction; then 
with its Denominator, Sc. conſidered as a Devimal Ex- 
preſſion, multiply the Dividend; and this Product divide 
by the Given Diviſor's Numerator, conſidered as a Finite 
Mixt Expreſſion, if the Diviſor be mixt, or conſidered as 
a Finite Integral Expreſſion, if the Diviſor be Integral, and. 
the Quotient ariſing ſhall. be that ſought. 


Example (8.) By this laft Rule. ” 
Divide 5794, 875 by 56,097. 


56,097 5794, 87 500000 
5794875 
56,097 | 5794,81705125 = Dividend X,99999 3 


103,29994565217 Ge. 
An 9 Quotient. 


(6103) 


The fame . by the firſt Rule, 


6095700 
Now 56, 097 = £229 9 A an 
. 97 = 99999 


5794287 500000 
5794875 


5609700 | 57 57948 1705, 12 5 = Dividend * 99999 j 


which by Inſpection only we can Py ſee W produce 
the ſame Quotient as before. | 


Thus I have exhibired two Ways t to work all Examples 
by, that fall under this Variety, whoſe Diviſors are Pure 


Circulates, whether Single or Compound. 


CHAM 
Of Mixt Circulates. 


'iſt, When the Diviſor conſiſts of a Mixt Girealate: 
having Decimal Places in it, and its Dividend a. Finite 
Expreſſion, if you work the Examples wholly in a Deci- 
mal Way, the Rule is the ſame with the laſt. 

Examples. 
(EP. 
Divide 2470, 76 by 5,06. 
3,06 2470, 
Subſt. 50 247076 
4,56 | 2223,684 = Dividend $99 


487,65" .- hs the Operation at large, for 
True Quotient Finite. the Reaſon before given. 


2 | —— | : 
1 , — — 2 4 7 2 — 1 e 000 - - 
8 866 — —-—t¼ noun eg 1 . +. Wc Fa 8 * 1 * = "ER, 4 2 
y 1 <> , . , $ LON IE T4 * 2 * 3 


$16 US - 


( 104 ) 


(2.) 
Divide 201 9000 by 24,925. 


24,925 | 2019000 
Subſt, 24 | | 2019000 


* 


24,901 | 200791,000 Dividend £,999 


81000 
True Quotient Finite and Integral. 


83. N 
Divide 6794, 75 by 753,658. 
753,658 6794, 500000] 
Subſt. 71 679475 
753,651 679456820525 = Dividend x, 99999 


9,0158073 3306 Se. 
An approximate Quotient. 


2dly, When the Diviſor conſiſts of a Mixt Circulate, 
having Integral Places only, and its Dividend a Finite EXA 
preſſion. As, | 


(4. 
Divide 698, 4 by 6347, Vide the laſt Rule, 


© 6347 [6984 
„ © 6984 


63 and 697,7016 = Dividend X,999 


_—— —  — — — — — —— 


,110030216 
an approximate Quotient. 


(0s) 


Variety (3.) 
Examples where both Diviſor and Dividend confiſt of 


Crrculates. 


1 might have included all the Examples, which can oc- 
cur in this Variety, under the Directions of the 2d ; bur 
Mr. Cunn not having exhibited any Examples in Diviſion, 
which fall under my firſt or ſecond Variety, I was the 
more willing, for diſtinction ſake, to call this a third Va- 
riety. And indeed it is ſomething remarkable in that Gen- 
tleman, who in his Preface complains that the Reverend 
Mr. Brown in Diviſion leaves the Practitioner to work with- 
out Exactneſs, that he himſelf in the ſame Role ſhould 
leave more than half of its neceſſary Directions untouched ; 
or not ſo much as hinted at. | | 


27, But previouſly to the Examples in this Variety, I 
ſhall here ſhew the Learner a compendious Method of 
multiplying any circulating Expreſſion by any Number 
of 9's. . 


RULE, 


As many 9's as the Multiplier conſiſts of, fo many times 
write down the given Circulating Figure, if Single; but 
if Compound, tranſpoſe them alternately as you fee be- 
low; then ſubſtract (according to the Laws of Subſtrac- 
tion before directed) the given Multiplicand from + (elf 
thus transformed: and the Difference, when mark'd off as 
in common D:cimals, fhall be the Product fought. 


Examples 


\ 
. e * x Win 


PE and 


e 8 


1 
« | . L 4 
IEF .-- Sv, ad ; W i 3 . 
— 2 e — NES. — | 9 < 
6 n * — - 


( 106 ) 


Examples of Mixt Single Circulates. 
Let 5,7 be multiplied by 9 or 99 or 999 Se. 
Operation. | Operation. 


577 55777 8 
Subſt. 57 Subſt. 57 8 . 2 


Product 52,0= 5,79 Product 572,0 = 5,7X99 


Operation. | Operation. 


557777 | 5377777 | 
Subſt. 57 Subſt. 57 


P. 5772,0= 5,7X999 P. 57772,0 = 5,7x9999 J 
Operation, Operation, 


5, 637777777 
Subſt. 57 Subſt. 57 


p. 577772-0=5,7x99999 P. 5777772,0=5,7*999999 


? 


and fo on for any ſingle Circulate whatever. 


( 107 ) 
Examples of Mixt Compound C irculates. 
Let 6,7 5 be multiplied by g or 99 or 999 &c. 
Operation. ; 


6, 
Subſt. 675 obſerving the Laws of Subtraction 


Product 60,81 = 6, 7 59 


Operation. Operation. 
6,7575 e You 6.75757 
Subſt. 67: 5 Subſt. 67: 5 


P. 669, Oo = 6,75x99 © P. > 6750:81=6,75%999 


Operation. 5 Operation. 
6,757575 | 6,7575757 
Subſt. 675 Subſt, 675 


P. 67569,00=6 ,75x9999 P. 675750,81= 6,75x99999 


—— 


80 in like manner 4792, 5x9 will give 431 33, 3 for its 


Product: And 4792,5*99=474466,6. And 4792-5999 
=4797800. A Finite Integral Number, 


A any Pure Single Circulate is multiplied by 9, as ſup- 


poſe oo), its Product will be the ſame Figure Finite a 
R the 


* * - — R 


HR). 
the next Left-hand Place ( viz.) ,07. If multiplied by 
two 9's, its Product will, be the ſame Figure Einite twice 
repeated in the next Left-hand Places: And ſo on, accord- 
ing to che Number of J 1p the Miele. 


Examples of Pure Single Circulates. 


As ,007 Xx 9d = ,77. And ,007 x 999 = 757. And 
„007 x 9999 e And 00 & 99999 = 777,77. and. 


On. 


80 likewiſe 6 x 9 fo Sc. 
Examples of Pure Compound Circulales. 
Let 87 1 42 be multiplied by 9 or 99, or 999 Sc. 
Op. by 9. # Op. by 99. Op. by 999. 


| 87 51428 "0 | 875 14287 87 5 142 875 
Subſt, 875142 Subſt. 875142 Subſt. 87 5142 


— 22 


P. 7,8762835 P. 86, 639 144 P. 874,267 32 


Op. by 9999. Op. by 99999. 

8751428751 87514287514 
Subſt, 875142 Subſt. . 875142 
P, 97 50, 553608 „ 97513,412371 


Op. 


(61090) 


Op. by 999999. 


875142875142 
Subſt. 875142 
_ 875142, Finite. 


— 


Obſerve, That if the ſeveral given Circulating Expreſ- 
fions in the preceding Examples had been all Integral 
Numbers, then their ſeveral Products would alſo have been 
Integrals, either Finite or Circulating, having the ſame 
Figures as you ſee in the ſeveral Products. 


But that nothing might be wanting to compleat this 
Rule of compendiouſly multiplying any kind of circulating 
Expreſſions by any Number of 9's. Let us ſuppoſe. that 
ſuch as 6666, or 87444, or 579467, Sc. being all Inte- 
gral Numbers, were given to be mugs by any Num- 
ber of 9's; their Products ( which in ſuch Caſes are all In- 
tegrals) are alſo obtained by obſerving the ſame Laws as 
are before preſcribed. 


As, let 6666 be given to be multiplied by 9 or 99 or 
999 &c. | 


Op. by 9. Op. by 99. Op. by 999. 
66666 6566666 65666666 
Subſt. 6666 Subſt. 6666 Subſt. 6666 


̃2—y— — — —— — — 


P. 60000 Finite. P. 660009 Finite. P. 6660000 Finite. 


and ſo on. 


R 2 And 


(110) 


And las 87444 be mw to be multiplied by 9 or 99 or 
999 Se. 


Op. by 9. E 55 Op. by 99. 
874444 8744444 
Subſt. 87444 87444 


P. 787000 Finite. P. 8657000 Finite, and 


—— ATT 2 — 
9 


ſo on. 


And let 579467 be given to be multiplied by 9 or 99 or 


999 Sc. 
Op. by 9. 


65794679 Note 579467 =579467. 
Subſt. 579467 enen the Laws of Subtraction. 


P. 52152 11, 579467 rg. 


Op. by 99. Op. by 999. 


57946794 679467946 
Subſt. 579467 Subſt. 579467 
P. 57367326, P. 578888478, 
Op. by 9999. 
5794679467 
579467 


P. 5794 100000 Finite, and ſo on. 


— —— — 


And 


(2m) 


And laſtly, let 10124497717 be given to be multiplied 
by 99999- e 
| Operation... 
10124,9771717171 
1012497717 | 


n 


P. 1012487592, 1944 


Obſerve, I have conſidered the ſeveral preceding Mul- 
tipliers, as ſo many Integral Numbers; and if they had 
been ſo many Decimal Expreſſions, then we muſt have 
mark*d off as many more Places of Figures in their ſeve- 
ral Products, as the Multipliers conſiſted of Decimal 
Places. As for Inſtance, if the Multiplier in the laſt Ex- 
ample had been a Decimal. Expreſſion, its Product would 


have been 10124,87 592 19454. | 


From the preceding Products many more Remarks 
might be made: but, to avoid Prolixity, I ſhall make but 
this one, viz. That where any Circulating Expreſſion is 
multiplied by as many 9's, as the given Circulate conſiſts of 

Places of Figures, or any Multiple thereof, there the Pro- 
duct always turns out a Finite Expreſſion. 


I am perſuaded it would be an entertaining Exerciſe, as. 
well as an Improvement, for the Learner to prove ſome of 
the foregoing Products, by dividing them by theis Multi- 
pliers after the compendious Manner of dividing by any 
Number of 9's. 


Here follow the Examples which fall under this Variety. 
And if you work them wholly in a. Decimal Way, as are 
all the following Examples, obſerve the Directions under 
the laſt Rule in Variety 2, to which. I refer the Reader. 


(1.) 


— 9 **. 


2 


] 
| 
1 
3 
| 


PS 


(112) 
+ 
Divide 8,724 by . 
25 8,7244 
8724 


New Diviſor , 5 7,8 520 New Dividend 


Quotient 15, 704 Finite, 


1 — 


(2. 


* (6). 
Divide 459,68 by 7. 
7| 459,688 


1 45968 


New Diviſor 7 | 413,720 New Dividend 


— 


Quotient 59, 10289714. 


0 % 
Divide 78,048 by ,o8. 
| 08 78,0487 | 
Subſt.” o 7 8048 | 


„8 70,24 39 New Dividend 


Quotient 88, 04. 


( 113) 


(4. 


Divide 424523809 by Te d bv 


3 42,36095 24 
426238 — 


2 — —— eq 


„ 


338, 2714285 New Dividend _ 


Quotient 127,37 1428. HE, Es | 


— 


Note, Where the Diviſor i ig 3 ders three times the given 


Dividend will alſo be its true Quotient. If, og, then thirty 
times, and ſo on. Which is the Converſe of che Obſerva- 
tion made in Multiplication, - page. (72) 93838085 


3 
* „ 
Divide 27,65 by , o8. 
,o8 | 27,6555. 
2765 


„08 272 3790 New Dividend: 
2 342, 2375 Finite. 


(6, 


* 


—. . ⁵ĩͤ IEC oth 


6114) 


(6.) 
Divide 6 30,54 by 4444s 
44444 630,545 
Subſt, 4444| 63054 


4000,0 | 567,490 | New Dividend „„ 


Quotient 141 872 


7 I 

. Divide 623,37. by 666666666, 
666666666,6| 7623,373 
Subſt, 666666666 162337 


600000000,0 686 1,036 New Dividend 


Quotient ,00001143506 


Thus you have a Method how to divide by any ſingle 
Digit infinitely repeated, whether it __ _ where in 
the Integral or Decimal Places, | 


- * 
. . 4 £ p 2 2 4 - 5 2 * bo 
oe 8 — 3 4 ag rr ; 5 . . r 2 ard 2 ˙——— 
* * — * —— : ——_—— * J bo . "IR SERIES 8 r 4 3 Ca aa | — 2 * 8 —— 3 
2 v N Y Ea % + % 18 . . 1 3 8 3 N ? n & 


"0" = == 
EF 


( 115 ) 


(8.) 
8 3 ©: © 
Divide 243,306 by 111,98. 


111,98 243, 306306 The laſt three Figures 
in both might an 


Ele. 243399 been omitted. 


111,87 243,6 3000 New Dividend 
Om CS 


89 0 — — ——— 


2,172 19323 
Quotient. 11187 


81360 J 
783099 | | 


30510 in Infinitum. 
1 


9736 


0) | 
Divide ,09582 3 by 3 Fo 


„351 ,09582 3095 
093923 


% 


2351 „095727272 New D 


— 0 


| 429 2552 : 5 0 ; | | J 
Quotient 2457 f * Infinitum, | _ 


Fe 5 
0953 | | | 


a I 
4 > 5 an 44 A Y 


— * * 5 


ꝶ? 


* 


(6116) 
l 

Divide , 167 by ,75. 
75 | ,1671 


71 167 


68 |,1:04 New Dividend 
— — 136 | 


4 Se. 


Quotient ,22125 &c. Vide the true Quotient, under 
Example 5. in the Genera! Rule; which alſo might here be 
found by carrying on of the Diviſion, and applying the 


Figures of the New Circulate 504 alternately. 
[3b - 


Divide 120,54-by 46,21. 
46,21 I 20,54545 
Subſt. | 4 12054 


| 120,42490 New Dividend 


Quotient 2,60829346092 Se. approximately, foundi 
by carrying on the Diviſion, and applying of the Figures 


of the New Circulate 90 alternately. (12.) 


* — — OY _ a0 
ON thr ood — 
7 * 2 P — nts, 


FE 2 " a 
TY Jed * K —_— a * D 1 * n r — 


(12.) 
+ 88 * 
Divide „5932380 by ,468r. 


„468 1,9523809 
Subſt, 46] 5952380 


4635 | 1589285714 New Dividend 


Quotient 1, 27138233934 Sc. approximately. 


(13. 
Divide 8,63 by, 327. 


8 0 5 © 
„073178, 6363636 


863 
,0731718,6362772 New Dividend 
e 
| 118,03 | . 
' Quotient I 3192 
7307 
58757 
58536 
22172 
21951 


in Infinitum, 
221 


( 118 ) 


Examples of Integrals. 
"SEE 


Divide 3347987, by 57945; 


57945 |3347987,987 
Subſt. $9 1--- $347 27. 


57888 | 3344640, New Dividend, the Multipli- 
- 289440 er being, 999. 


Qu 57» 4502 16 
aotent 40521 1 . 
e i Inſinitum. 


45024 


Obſerve, When the given Dividend conſiſts of the ſame 
Number of Places of Figures in its Circulate with thoſe of 
its Diviſor, or does conſiſt of ſome aliquot Part thereof, 
then its New Dividend will turn out a Finite Expreſſion. 


I chuſe to exhibit the following Example, becauſe it is a 
Proof to the preceding one. 


(15.) 


19 
(15. 
Divide 3347997 by 57. 


57 33479579 
Subſt, 51 334798 7 


52 | 3013 I 89, i New Dividend 
260 | 


„ | 
Quotient 364 


468 | 
| 
M 


in Inſinitum. 


+ 
oO 
Go 


Before I leave this Variety, I cannot help taking Notice 
of two very particular things, viz. Firſt, that I never met 
with an Example ( in all the Authors I have ſeen on this 
Subject ) where the Circulate in its Dividend by Transfor- 
mation required in Subſtracting it to carry one to its Right- 
hand Column, as in my preceding Examples viz. the 4th, 
6th, 11th, zx2th, 13th, and 15th, which I contrived on 
purpoſe. | 


And 2dly, I do not remember that I ever met with an 
Example, where the Circulate in its Dividend conſiſted af 
fewer Places of Figures than that of its Diviſor, as in my 
Examples 11. and 13, except One, and that, for want of 
a due Attention in the Propoſer, is wrought falſely. 


CHAP. 


{ 120 ) 


CHAP. VL 
Reduction of Circulates 


I. 


O reduce Money, Weights, Time, or Meaſures, 

Sc. to their Equivalent Decimal Expreſſions, or 

near it, I know not a readier Method than the 
following Rule. 


Firſt, Reduce ( by Diviſion ) the Number of the loweſt 
Species, given in the Example, to the Decimal of that 
next above it, whether there be any Number of that Species 
in the Example or not; to this Quotient add the Number 
of that Species in the Example, if there be any. And 
2dly, This laſt Sum reduce to the next higher Species, ad- 
ding to this Quotient found, the Number of that Species 
given in the Example, if there be any; and ſo proceed, 
until you arrive to the Decimal of the Integral ſought. 


Example (1.) 


3.5 


D. Qs. 
Reduce 13: 11: 3 to the Decimal of a L. Sterling. 


4 | 3, Q. 
I2 ] 11,75 D. with 11 D. added to, 75 D. the iſt Qs 


210 13,979 16 6. with 1 S. added to, 979 16 S. the 2d Qt*- 


— — 


Anſw. , 69898 3 of a L. Sterling. 


6121) 


To contract the Operation, 


Obſerve, When any Diviſor greater than 12 is compoſed 

of two Digits, either with or without o's; or of 12's, 

and ſome other Digits, either with or without o's ; then 

divide by the Diviſor's compoſed Numbers alternately : and 
the lait Reſult ſhall be the Quote ſought. 


Example (2.) 
| Ozs, Dwt. Grs. | 
Reduce 10: 13 : 14 to the Decimal of a Hh Troy. 
© 6 | 14, Grains 
Inſtead of 4282 


4 [23 


20 | 13,583 Do. 


12 | 10,67916 Ou. 


Anſwer 58899 305 of a Ih Troy. 


Example (3.) 


Cr. Qu. I oo > 
Reduce 14 : 1 : 1 to the Decimal of a Tun. 

411, Ib Hp | ; 
28 


7] 25 


4 | 1,03571428 CN Cn 


20 | 14,2589285714 Cat. 


Anſwer 712946428 571 of a Tun: 
e | Example 
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| Example (4% 


Galla. Pints. 
| Reduce 39 : 7 to the Decimal of an Hogſhead of 
63 Gallons. 


8 ” Pints 


9 | 39,8 75 Gallons 


63 ; 
7 | 4,4305 


Anſwer ,6329 36507 of an Hogſhead. 


Example (5. 
Reduce 17 : 44 : 19 to the Decimal of a Sign of the 
Zodiac of 30. 
60 | 19 Seconds 


60 | 44,3 16 Primes 


30|1 7,73861 Degrees 


= 


Anſwer ,59128703 of a Sign of the Zodiac. 


—— —— 


Example 


—— —— ny a heres n u W A 
— 
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Example (6) 


14 77 755 


Reduce 7: O: 11 a Duodecimal Fraction to the De- 
eimal of a Foot. | 


12 | 11 Thirds 


12 916 Seconds 


6 


12 7,7638 Primes 


_— 


Anſi. ,589699074 of a Foot. 


CASE IL 
O Reduction. 


How to reduce any Circulating Expreſſion to its loweſt 
poſſible Equivalent Vulgar Fraction. 


R U LE. 


Find its Equivalent Single Fraction, as taught in Art. 
12, and with this new Expreſſion proceed, as in the Me- 
thod of Reduction of Vulgar Fractions: So ſhall you ob- 
tain its loweſt Equivalent Vulgar Fraction. 


Example (t.) 
Reduce 571428 to its loweſt Equivalent Vulgar Frac- 
tion. | 


if, 551426 = 37 . E V. F. Which Wes 


9 
fon being reduced by the Method of Vulgar Fractions, 


will produce * irs loweſt Equivalent Vulgar Fraction. 


I Example 
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Example (2.) 
Reduce , 3863 to its loweſt Equivalent V. F. 


if, ee + 3525 eBguivatont V. F. 


9500 
And 3525 I its loweſt E. V. F. 
9900 44 | 
Example (3.) 
Reduce 3,6428 571 to its loweſt Equivalent V. F. 
a . 36428535 : 
iſt, 3,6428571 ———— its Equivalent V. F. 
TY pon. -- - 
And 39425535 — its lowekt E. v. F. 
9999990 14 


I have omitted their Operations at large, becauſe every 
Perſon ſkilled in Vulgar Fractions muſt know the Method 
of finding the greateſt common Meaſure to any two given 


Numbers. | | | 
Sr 1m 
Of KRedudtion. 
How to find the Value of any Circulating Decimal, 


which expreſſes ſome known Part or Parts of that Integer, 
to which it refers, whether it be to Money, Weights, 


Time, or Meaſures, &c. 


R UL. 


Multiply the given Expreſſion, ( according to the Laws 
of Circulating Numbers) by the Number of Units con- 
tained in the next lower Denomination of that Species, to 
which the given Expreſſion refers; and fo proceed to mul- 


tiply 


* 2 7 W 
N. » 8 = 
we WS FT . 
3 Wer 


. ( x25 ) 
tply by its next lower Denominations, until you come to 


Its loweſt Parts: and the ſeveral Products ſhall be the ſeve- 
ral Parts required. 


iff, Of Cow. 
Example. (1.) 
Reduce ,873958 2 to the known Parts of a L. Sterl ing. 
20 


— — 


9, 17,479166 
12 


— 


D. N 50 3 
555 | Alu, n . 


L 3,00 


Example (2.) 


Reduce 59920634 to the known Parts of a Guinea 


21 Sterling. 
59920034 
1198412698 
1 8 | * Dh 
S. 12,59333333 © _ Anſwer, 12:7 
" 
D. 7,000 


— — —e—e— — 


4 * — 4 
" , Pye 
— — 6 - X —_ — ah * 
* — W * * „ 
© ”—_— 4 * 
. os v — 
$5 l £4 Ts hy 
* 2 3 ans "4 wn", 4 — 


XX; 
” 23 
* 
8 . : Res 
SD, 
5 
7 $260 
Fe 4 
Cs 
Won” 
* e 
3 
3 
7 - 
r 
bet 
* 
x 


Example (3.) 


Reduce ,49074 to the known Parts of a Moidore of 278. 
27 


n 2 
. 
e 


5 

. 

3 Fn es Agr 2 
SE. IE OT "<3 


O 
00 
— 

+ 
O0 
— 


N 
. 


FS. 13, 24999 


2 
Nen FS 7. 
e 
1 8 N 
e 


8 0 D. 3 
j Anfwer 13: 
D. 3,000 fe EY 


But to contract the Operations, obſerve, When any Mul- 
tiplier greater than 12 is compoſed of two Digits, either 
with or without o's; or of 12's, and ſome other Digits, 
either with or without o's ; then multiply by the Multipli- 
ers compoſed Numbers alternately, and the laſt Reſult ſhall 
be the Product ſought. 


Example (2.) reſumed. 


Reduce 59920634 to the known Parts of a Guinea 
. 7 Sterling. 


4519444444 
3 
S. 12,583 
12 
_ „ P. 
. W 2: 
D. 7,000 _ 7 


Example 


— 
3 ph 
— 
; 
: 
; 2 
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Example (3.) reſumed. 


Reduce ,49074 to the known Parts of a Moidore of 


9 27 C. 
441666 
„ 
S. 13,250 
nn. 
„„ 8 
D. 3, oo Auſcwer 13: 3 


In all Reſults where the Repetend conſiſts of ſome other 
Repetend of a fewer Number of Places of Figures, retain 


the latter only as above. 
Example (4.) 


Reduce 5 to the known Parts of a L. Sterling. 
_ : 
2,2 
5 


—— — a 


S. 11,1 = 5X20 


D. x 3 


Example 


! Anſw, 11: 1 by exact. 


CSF 1 
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| Example (g.) 

Reduce , 8984375 to the known Parts of a Mark © 
| f . 34 


pie 1323 17 7 a 
9 | 246953125 = C. P. x 10. 
529947916 
26953125 
8984375 
S. 11,979 16666 „ 
— 12 ; FR. 
Anſwer 11: 11 
: | 4 
D. 11,75000 <6 M6267 "52g 
2 3,00 


2dly, Of WEtlGurTs 
Example (1.) 


Reduce 571428 to the known Parts of a Tun Aver. 


SSA 


3 WE | dupois. ä 
2,8557142 : Ct. * th. 
"Is Pl Anfever 11: 1: 20 


28 11,4287 1 
5 4 


2 1.714285 


4.999999 Value , 595369205357 1428 
4 of a Tun. 
3 Cut. Qrs. T5. Oꝛs. 
I. 20,0 Anfoer 11: 3:17: 11 exact. 


6: Ex. 


* 


(729) Po 
Example (2.) 


Reduce 445 39024 to the known Parts of a Tun Aver- 
5 daupois. 


— 


2,2693121 
4 


* 1 


Cu 9,0780487 . „ 
4 ; 


Q- o, 312195 „ 5 


2,185365 
4 225 


2 


Ih. 8,7414643 RAC 


"> 


1 Fi Cut gn. 15 On Drams. 
5905853 . - 4 . 
414 Aaiſwg9:0:8:1: 1 3,814034 


Os. 11,863414 
4 


32453958 
4 


Drams 1 3,8 146 34 


Example 
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Example (3.) 
- Reduce , 8958 3 to the known Parts of th Troy. 
12 5 ; 
QO=- 10,75000 7 
| © - 
0028. Det. 
Dvwt- I 5,00 | Anſwer 10: 15 


Example (4.) 


Reduce 19772 to the known Parts of a Ib Troy. 
| I2 | 


Os. 1 1,7272 
4 


2,90 
5 


Dot. 14,54 
6 


_ Ozs, Dwrt. | Gra ns. 
385 Anſw. 11: 14 : 13,09 


Gs 13,09 


Thus you may proceed to find the known Parts of any 
Decimal Expreſſion given. I ſhall therefore propoſe but 
two or three Examples more, and with them conclude this 
Rule, leaving their Operations to the Practice of the 
Learner. 


34h, 


1 Of Tims. 


"Rednce 19285714 to the known Parts of a Tear dt of 
365,25 Days. 
Days. Hrs, Min. Seconds. 


Anſwer 339: 3: 51 : 25,1428. 


4thly, Of WISLS FIR 


How many Feet and Inches is 372 of a Tank: 


Feet. Inches. 
Anſwer 2 : 11. 


Ho many Poles, Yards, Feet is , 24465 of a Furlong, 
Poles, . Yards, Foot» 
er „„ 


5thly, Of Mor TON. 


How many Degrees, Minutes, Seconds, is, 9128703 
of a Sign of the Zodiac. 


Degrees. Minutes, Seconds, 
jr We I7 : 44 : 19. 
Note, 30 Degrees make one Sign of the Zodiac. 


'U - - © - Gay 


_ 

h 

e n 
een, 


—— yr 


* P 
* -N N 8 
— 5 — 
n 1 2 8 * N 9 n 
32 I * 5 r . 4 
Ry ge oe” „ * 
* « = p * 


. 
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CHAP. VI. 


of 7. noolution and Evolution of Circulating 


Numbers. 
1/,, Of IN vOLIVUTTIOx. 
Its Definition and Rule, 


28. H E continued Multiplication of any Quantity 


into itſelf is called Involution, or the manner of 
raiſing the ſeveral Powers of that Quantity. 

For Example : 
29. If a Quantity be multiplied by iſe, the Product 


is called its Square, or 2d Power; its 1ſt Forge, or Root, 
being the given Quantity itſelf, That 2d Power being, 


multiphed by its firſt Power, the Product is called its. 


Cube, or 3d Power. And the 3d Power being multiplied 
by its 1ſt Power, that Product is called its Biquadrate, or 
4th Power. Thus you may proceed on to raiſe what Pow- 


er you pleaſe of any given Quantity, whether Finite, or 


Circulate. 
4 TABLE of Infinite Squares, proceeding from the ſeveral. 


Infinite Expreſſions from ,x to 9 Incluſive. 
eg re or 2d Powers... — 


31, Now ,1%41,= ,012345679. — 6% 
,2 And 2 52 = ,049382716 — 2 5 


S 2 31 

8 4 4 * 14. = — ,19753c864 | 

by 5 5 8 5 = = ,308641975 

2 „6 \6 X „6 n= 4 

8 | 7 | 7 x 7 = 604938251 
| 8 8 x ,8 _ ,790123456 


H X49 = 1,0 Note, 


— 
. 


4 
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Note, As $12345619 is the Square of „1, and the 
Square Root of 1 is YT therefore ,o12 345679, is the 4th 
Power of 3. And as 197530864 is the Square of BY 
and the Square Root of * is 6, therefore ,197530864 i is 


the 4th Power of , 6. 


And that the Square of 9 is equal to 1 or Unity, is evi- 


dent from hence, That 9 infinitely continued is equal to 1, 
as is demonſtrated ( in Art. 13.) And the Square of x, is 


1, therefore the Square of 9 is alſo equal to 1. 


And for the ſame Reaſon the Square of 9, is equal to 


100; the Square of 99, is equal to 10000: And the 


Square of 999, is equal to 2000000, and fo on. 


And fo likewiſe the Square of ,09 is equal to, of; the 


| Square of. ,009 is equal to ,o001 ; and the Square of ,0009 
is equal to ,000001, and fo on. 


And as the 2d, 3d, 4th, 5th, or 6th Powers, Sc. of 1 
are ſeverally x or Unity; fo likewiſe the 2d, 3d, 4th, 5th, 


or 6th Powers, Sc. of ,9 are ſeyerally r or Unity. 


Here 


1 
5 — . 
. +» 
* : 7 A 
.* 1 
F 4 . 
* * 
5 
N „ 
- 1 
- 8 . ' * "2 
* 3 
5 4 IL - 
* s ” . 
—_— A * TI» | 
——— — * 1 
4 -- r 
1 my * * * 
22 | Aq 4 
3 1 1 4 \ 23 
WI; 4 "POPUP RES . 6 * c : 4 4 4 
* . . 2 * * 7 * n « . 1 . 
: 4 . NS 4" E a 4 M3 + 5 1 / 4 
a SRI. . a 
8 FI 


—— 
2 8 
* REF WF Ag 7 


— — 


— ee er” 
- 

ad; 7 >» 
, VO" * 


8 


— — * — 
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Here follows 4. T ABLE of ihe Infinite C bes, proceeding 


4 ; from the froeral Tfnite Expreſi 88 from , x 40 „9 In 
wa wal | 
3 - of} Their Cubes or 3d Powers... 
558 17 Op: 32 Now „1 181 255 n 
775 22 / 4 = _ 6433470507544581018655692 
| | 7297 6680384087 791495 19890” 
| 260632 f the Cube or $; owes 
i : © of ,1. 
L | 3 =P 2 And \2X,2X, 2 = e 
0 — 134677640603566 52949245541 
% 5 | 338134430 2723319518722“ 


8 | 085048 the Cube of 52. if + 
n 23 23%,3%3 == 3037 the Cube of 3. | 
fo A * 44 e = ,0877914951989026063100137 A 
"= „ „ 157421124828 3322359 3964334 
. v4 ad 2 7 7050754458 16186556927 2976 
1 680384 the Cube of „4. 


5 6X, 5%,5 = $1714677640603566529492455- 
4183813443072702331961591. + 
2208 504801097 393689986282. 


| 578875 the Cube of a5; 
6 65656 = = 296 the Cube of, 6. : 


57 „ 7,7 = — 4050554458 1618655692729 | 
6680384087791495198902606 
Z100137174211249205322359; 


396433 * Cube of . 


Noot 


a”. 
1d 


6735) 


Roots or 1ft Powers, 


„8 „8x, 8,8 „70233196169 12208 504" 01097 
3936899852825788751714677 
0406035005294924556 1 28G 
443072 the Cube of 8. 

0 : ,9%,9 0 = 1,0 the Cube of 9. 


For as much as ,001 37 Nc. as above, 1s the 3d. Power of 


1. and the Square Root of 51 is : 3, therefore ,001 37 &c. 
is the 6th Power of , 3. 


And as 08779 Sr. as above, is the * Power of 5 
and the Square Root of 4 is 6, therefore 208779 Sc. is 


the 6th Power of 6. 


Whoever ſhould be inclined to raiſe the 4th Powers of 


I 27 VR 5 7 and „8, will find that each Circulating Ex- 
preſſion will conſiſt of 729 Places of Figures deep. And in 
raiſing the 2d or 3d Powers of CompoundCirculates, we muſt 
frequently be content to take an approximate Power, inſtead 
of the exact one; which will very often conſiſt of ſome 


Hundreds, or ſome Thouſands of Figures deep. 


However, as the 2d, 3d, 4th,. and 5th Powers of 


3. and of, G, are to be found with little or no trouble, I 
chuſe in this place to exhibit their Operations at large; that 
he, whoſe Curioſity ſhould prompt him, might know the 
en Method how to raiſe the like or higher Powers of 


5 2 4 - 5 7 or 8, or of any Compound Repetends. 
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iſt, Let, 3 be given to be involved to its th Power. 


Operation. 


23 


9 | 1,0 


EH: „1 its Square, or 2d Power. 


} 53 
9| 33 
7 7 + 037 its Cube, or 2d Power. 


* 3 012 34 5679 its Biquadrate, or Ath Power. 
23 | | 
911037037037 


4 ot p2a63374485296707818gg1 Its Surſolid, 
9 or 5th Power. -—- 


| 3 | And if this laſt Reſult be multiplied bm _ and its Pro- 
3 duct divided by 9, the Quotient will be its 6th Power, and 


ſo you may proceed on to raiſe what Power 4 3 you are 
inclined to. 


2 
\ 
* A 


Obſerve the 4th Power of 33 18 the ad Power of 1. 


2dly, 


* 
45 
* 
1 
«iN 
5 
* 
9 
A 
"I 
2 
PA 
25527 
5 
. 
* 
ie 
FS 
— 2 
7 4235 
8 
= 
354 
2 
IB 
Dae 
3 
3% 
2X 
. 
3 
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2dly, Let ,6 be involved to its 5th Power. 


Operation, 


25 4 its Square, or 2d Power. 


56 


— mmnn—n 


912.6 


„6 


9 7,777 


44 1975308 64 its Biquadrate, or 4th Power. 
6 ä 


— 


911,185185185 


— —_— — 


5 4185 ul 173168 7242798 353909465020576 its Surſolid, or 
„ 5th Power. | 0 | 


Obſerve that the 4th Power of „6 is the 2d Power of 5 


I ſhall add more Examples, viz. of finding the Squares, 
or 2d Powers, of Compound Circulates, Pure and Mixt; 
but ſhall leave their higher Powers for others to inveſtigate, 
whoſe Inclination ſhall lead them thereto. 

| | | Example: 


* 
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Example (1.) 


Find the Square of „36. 
Operation. 


15 5 36 
„36 Note 536 oops nf 


36 | 99 


f ; 
99 |13 ,09|09|og| 09 log og og ſog 09109 o og 
13122131140 85 67 255 94.0312 
1 1 


13 22 31 40 49 58 67 76 85 95 04 132 2% 


Its Square is the circulating Expreſſion, as mat led above. 


After the like Method the Square of „18 will be found 


to be ,03305785123966942 14876: And the Square of ,72 


will be found to be 5289256198347 107438016. 


Or otherwiſe thus: 
Foraſmuch as we have already obtained the Schiare of 


R 36, and that the Expreſſion ,18 is the one half of „36, 


therefore the — ( that is * = 2 of the Square of 
4 2 4 | 


i 36 will give the Square of , 18. 


—— 


And 


nenen AN tn ewe. ec 4 a * > 
UW WI md e LEN e F N we n 
FE ge N . 5 . 1 1... cnt 0 IIB e 
. Er er Rap be” R 2 9 n SEND ͤ Tr TIE O02 . 0 
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25 
* 
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r OS; + 
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And as the Expreſſion 72 is twice or 2 Times that of 
- 36, therefore 4 times (that is 2 x 2 = 4) the Square of 
36 will give the Square of 72. ] 

For obſerve, There is the ſame Harmony ſubſiſting be- 


tween Similar Infinite Powers and their Roots, ( the Dif- 


ference of the Number of Places of Figures ariſing in their 
ſeveral Powers excepted) as is found to be between Simi- 
lar Integral, Mixt or Fractional, Finite Powers and their 
Roots. The former indeed are to be conſidered as Infinite 
Expreſſions, and the latter as Finite ones. 


Hence then, if I want the Square of any Multiple of the 


Expreſſion , 36 as 3. 4. 5. 6.7 times Sc. I firſt ſquare 
the 3 or 4 or 5 or 6 or 7 Sc. and with it multiply the Square 


of 36, according to the Laws of Multiplication: The 
Product ariſing ſhall be the Square required. 


But if I wanted the Square of ſome aliquot Part of 
J 86 : 
536, as 1t8 850 . e, 75 [ firſt ſquare the 
or —or —or — or — Sc. and with it divide the 
„ „„ 
Square of , 36, according to the Laws of Diviſion: the 
Quotient ariſing ſhall be the Square required. And not 
only the aliquot Parts, but the aliquant Parts thereof alſo 


might be taken too; but frequently it would prove a tedious 
Operation; ſuch as — 2. = Ge, Or ſuck Expreſſions 
23 19:09 | 


as thoſe 18 8 7.5 7 XZ. os 
1 


Note, The ſame Harmony ſubſiſts in Similar Cubes, and 
in all higher Similar Powers; only there the Multiples, or 
e | Aliquot 


( 140 ) 
Aliquot Parts, muſt be cubed, Sc. to obtain the Expreſ- 
ſions required. 


More Examples. 


The Square of 142 8 57 is the circulating Expreſſion un- 
der gs ( viz. ) ,02040816 Sc. See the Expreſſion at 
large in the Table. 


[285714 


;| | 428571 
And 16 pf times the fame 2 88 is the S% of 4 57 1 428 
36) 


[0714285 


45857 142 


The Square of 54 is 297520661 157024793 3884. 


The Square of 037, is the Cube of „1. Vide the Table. 


The Square of 360 is »129859589319048778508237 


967097427156886616346075 
805535204994 724454183913. 
043373102832562299202175; 


1481210940670400. 


The Square of 63 is 40495867568 59504 132231. 


r 


141 


Find the Square of 16. 


Multiply 1 Note „1 


by s 16 | 
Subſt, I 


15 New Multiplier. 


\ 


027 Anſwer ,027, 


Find the Square of 8,3. 


: | Multiply 8,3 

kd | ' By j | 

Subſt, 8 | 1 
75 New Multiplier. 


46 © ; | 
3833 | 


[2 
® 


gl 625,0 
6944 ñ Anfiver 69,41 | 


2 


333 


Multiply 54,63 


by 54,03 
Subſt. 54 


5409 New Multiplier. 


49172 
000 


2185454 
27318181 
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Find the Square of 54463. 


— 
8 


— 


— 


99 | 2965128, 
984 


1 


| 


09 09,09 


| go 


12 315 


I 


1 1 


Sg 1 37 1% 


09 09 doglogoglos! 09 09/09 
0139/48 57166 75 8493 1102029 
1 20 21 21 2 


* 


2 85,1322 3 31 40 49 50 65 7685 95 04 7322 $140 


Anſwer, Its Squate is the Cond Mixt Circulate, as: 
mark*d above. | | 


Find: 
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Find the Square of ,027. 


Młultiply ,027 Note the Expreſſion ,027 == If 


by ,027 | 
Therefore 27 is the New Multiplier. 


999 | ,729 729729 729 729[729 [729 Ge. 
7290458 187 916645374 Sc. 
i © 2 3 41 5 


.000 730 460 189 919 649 379 108 8385682980277 
5748721694667640613586559532505478451424397370 


343316289262235208181154127x the Square of ,027. 


Obſerve, That if you have the 2d, 3d, 4th, 5th, or 
6th Power, Sc. of any Root, or 1ſt Power, it is very 


eaſy to let the ſame Expreſſion, with a little Alteration, 


repreſent the Powers of the like Root, or iſt Power, by 
ſuppoſing. its 1ſt Power to. begin in the next Place, either 
higher or lower, in the Integral or Decimal Places; and 
that too by only removing the Decimal D iſtinct ion either 
two, three,. or four Places of Figurez, towards the right 


Hand : 


Or elſe by prefixing oo, or ooo, or 0000's, and placing 


the Decimal Diſtinction before the Whole, according as 
the Expreflion is either a 2d, or 3d, or 4th Power, Sc. 
And after that manner you may remove its Root, or iſt. 


Fower, to what Degree higher or lower you pleaſe. 


For 


999 


_——_—— 


EP ES” 3 fy Jug 
ann 


„ 
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For Inſtance ; 4 is the Square, or 2d Power of 4 3 
which Root, or iſt Power, begins at the Place of Tenths 


of an Unit. Now to have the Root 6 to begin in the 
Place of Units, or Tens, or Hundreds, Sc. their ſeveral 


Squares will be thus; 44, for the Root to begin to repeat 
in the Place of Units; and 1 in the Place of Tens; 
and 444444. in the Place of Hundreds, Sc. | 


And on the contrary, to have the Root 6 to begin in the 
Place of Hundredths, or Thouſandths, or Tens of Thou— 
ſandths of an Unit, Sc. their ſeveral Squares muſt be 


,004 and ,00004 and ,0000004 Sc. 


So likewiſe ,037 is the Cube, or 3d Power of, 33 which 
Root, or iſt Power, begins at the Place of Tenths of an 


Unit, Now to have the Root 3 to begin in the Place of 
Units, or Tens, or Hundreds, Sc. their ſeveral Cubes will 


be 037, and 037037, and 037037037, Ge. 


And on the contrary, to have the Root 3 to begin in 
the Place of Hundreths, or Thouſandths, or Tens of 'Thou- 
ſandths of an Unit, Sc. their ſeveral Cubes muſt be 


-000037 and ,000000037 and ,000000000037. 


And after this manner we may proceed with any Pow- 
ers, ſo as to make their Roots to begin any where, higher 
or lower at Pleaſure, regard being had to the different Al- 
terations of their different Periods. g 


Many more Obſervations might be made concerning the 
Powers I have here exhibited, and their Roots, Cc. but I am 
perſuaded 
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perſuaded that I have ſaid enough ; ſo that no Perſon can 
poſſibly be at a Loſs, how to rattle any Power his Patience 
will give him leave. | 


And by what hath been PT ſaid in this Chats it is 
very evident, that an Infinite Number of Powers might be 
raiſed, which at firſt view one might take for Irrational or 
Surd Quantities, but which will have in their Roots the 
ſame Numbers again returning in a continual Circulation 
as appears in the Interminate Quotient of a Diviſion: and 
conſequently that then their Roots will conſiſt of a Mathe- 
matical exact Anſwer, and be as correct an Expreſſion, as 
is the Root of any Rational Finite Number whatever. 

Wherefore I ſhall go on to 


2dly, EvoLuT1oN, or the Eatract ion of Roots. 


30. Definitions, Evolution is the Converſe of Involu- 
tion, and is the Art of finding from a given 2d, 3d, 4th, 
or 5th Power, Se. its Root, or 1ſt Power; which being 
involved, will produce its given Power, or be infinitely 
near it, | 


31. All Powers above the it are either Rational or 
Irrational. | 


32. Rational Powers are ſuch Expreſſions as have their 


Roots capable of being expreſſed either by ſome Finite, or 
n e 


33. Irrational Powers are ſuch Expreſſions as have no 
ſuch real Roots, that can be expreſſed either by any Finite, 
or Circulating Expreſſion: Or at leaſt have no ſuch Roots, 
which are required to be extracted from them. 


The Former chiefly will be the Subject of the enſuing, 
Diſcourſe. 


The. 
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The Method of extracting the Roots of Circulating 


Powers is the ſame with that of other Numerical Powers; 
care being taken in the Diſpoſition of the ſeveral Periods by 
applying them alternately (like as in Diviſion) to each new 
Reſolvend as long as the Proceſs is continued. 


It is beſide my intended Brevity to lay down Rules, or 
Canons, in this Place ; for the Reſolution of Powers : I 
therefore muſt refer the Reader to conſult other Books on 
that Subject. And I ſuppoſe I cannot ſend him to a bet- 
ter, than to the Ingenious Mr. Ward's Young Mathemati- 


cian*s Guide, 
EXAMPLES inthe Square Root. 


(I.) What's the Square Root of ,012345679? 


It would be needlefs to exhibit the ſeveral Operations at 
large, my Reader being ſuppoſed to be throughly acquaint- 
ed with the Method of Extractions; therefore I ſhall only 
expreſs their Preparations with their Roots as follows. 


The given Reſolvend Prepared. 
,0123456790 Se. (611111 Sc. its Root. 
(2.) What's the Square Root of 14? 
Preparation. 
444444 Sc. (666 Sc. its Root. 
( 3.) What's the Square Root of 1322 31 Se? Vide 
Page (138.) 5 | N 
Preparation. 


132231404938 c. (363636 Sc. its Root, 


(4+) 


5 What's the Square Root of 0013717 Sc. 
the Cube of 1. 


Preparation. 
,007 371742102 &c. (,037037 Er. its Root. 


(5.) What's the Square Root of 11298595 &c? Vide 
page 140 


| | Preparation. 
1298 59589319 Se. (360360 Sc. its Root. 
(é. ) What's the Square "He of ,027 ? 
Preparation. 
102702702 Sc. (51666 Ge. its Root. 
I ) What's the Square Root of ,020408 1 Sc? Vide 
in the Table. 
49 85 
20408 163265 Sc. 142850 Sc. its Root. 
(8) What's the Square Root of 69,4 5 


Preparation. 


69, 444444 Ge. (8,333 Ge. its Root. 
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(9.) What's the Square Root of 298,132 Ge? Vide 


Page 142. 
Preparation. 
0 | 298551 3223140 Sc. (54.6363 Sc. its Root. 


EXAMPLES in the Cube kun. 


640 What's the cube Root of 001 737771 Sc? Vide 
Table of Cubes. ; 


- 


| P r erm. | 
001371742112 &c. (1111 Sc. its Root. 
(2.) What's the Cube Root of ,037 
Preparation. 
= 037037037037 Se. 63333 Se. its Root. 5 


(3) What's the Cube Root of 702332196 * vide 
Table of Cubes. 


Preparation. 


70233 1961591 Ge. (58888 Sc. its Root. 
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EXAMPLES inthe 2 Root, or n Mtuared 
ol, _ 


1.) What's the Biquadrate Root of ,012 345679: ? 


Vide Table of Squares. 
R UL E. f 


Firſt extract the Square Root of the given Reſolvend; 
and then the Square Root of its Root will be its Biquadrate 


Root * 


Preparation 1. 
0123456790 Se. (511111 Sc. its firſt Root. 


Preparation 2. 


od 11 a 11111 1 Sc. (533333 Ce. its Biquadrate Root. 
(2.) What's the Biquadrate Root of , 197 5308 64 Ge? 
Preparation | I. 
,1975308641 Ge. (,44444 Oe. its firſt Root. 
Preparation 2; 


144444444 Ge. (56666 Ge. its Biquadrate Root. 
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EXAMPLES in the Surſolid Root, or Examples hav- 
ing the 5th Power given to find its Root. 


(10 What's the Surſolid Root of 500411 7 Vide 
Page 136. 


Preparation. 
004 115226337448 Se. (5333 Fc. its Root. | 


(2.) What's the Surſolid Boot of 4 Sc? 
Vide page 137. 
Preparation. 
131687242798 353 Ec. ( 666 Sc. its Surſolid Root. 


EXAMPLES im the Square Cubed, or Cube Squared 


Root; or * n the 6th Power given 10 find ts 
Root. : 

R U L E. 
Firſt Extract the Square Root of the given Reſolvend; 


and then the Cube Root of its * will be the cube 
Squared Root 8 85 


(1. ) What's the Cube 1 Root of ,001 37 Se? Vide 
Table of Cubes. 


Preparation 1. 


,001371742112482853 Se. (,037037037 Sc. its 
Square Root. | 


Preparation, 
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Preparation 2. 


,037037037 Ge. (,333 Ge. its Cube Squared Root. 


(a.) What's the Cube Squared Root of „087791 49 He? 
Vide Table of Cubes, | | OY 
If Ye Preparation 1. 
,087791495198902606 Ee. ( ,296296296 Ge, its 
Squared Root. - 
Preparation 2. 


296296296 Sc. ( 666 Se. its Cube Squared Root. | | 


Hitherto I have treated of Rational Powers only; and 
what Irrational Powers are, hath been already defined. I 
ſhall only add this, That for their Roots we muſt be con- 
tent to give an Approximate Anſwer, inſtead of a Mathe- 
matical exact one. For inſtance ; if it were required to 
extract the Square, or Cube, or Biquadrate, or Surſolid 


Root, Sc. from ,142857 an Irrational Power; I ſay, we 
muſt be content to give an Approximate Anſwer for each 
of its Roots; but which wWill approach nearer and nearer 
the Truth, according as each Proceſs, by continually ap- 
plying . the given Circulate, is carried down lower and 


lower. 
And though we cannot poſſibly come at its juſt Root, 


yet we may, by carrying on che Work, attain the Root ſo 
near the Truth, thac its Defect ſhall be as little, or indeed 


leſs than any aſſignable Difference. 


c oN 


XA 
_- 
2 
£ 
"2 
4 
* 
3 
= 
1 
7 
of 
- 
4 


(152) 


CONCLUSION. 


1 AM thoroughly re I need -make no \ Apology 
to Men of my own Profeſſion for the Multitude of Ex- 
amples exhibited in each Chapter; becauſe they muſt with 
me be fully convinced, how much more prevalent Exam- 
ples are with their Pupils, than Precepts. For Youth in- 
deed very ſeldom give a proper and careful Attention to the 
latter, whilſt by a Multitude of the former they will gene- 
rally turn out ready practical Arithmeticians. 


Wherefore I flatter myſelf, that even every conſiderate 
and ingenuous Reader will readily excuſe it ; more eſpeci- 
ally when he ſhall reflect that my Writing was oy de- 
ſigned to inform the weakeſt Capacities. 


As to Perſons of a clear Head in Numerical Calcula- 
tions, though ignorant of this Science, and yet deſirous to 
learn it, I am inclined to believe that leſs than the one fourth 
Part, of what I have here exhibited, would have been ſuf- 
ficient for their perfect Information: To ſuch therefore 1 
leave it to chuſe and reject at their own Diſcretion, 
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1 HE 
EXPLANATION and USE 
3 4 or rue 


Foregoing T AB L E 8. 


Their EXPLANATION. 


HE Tables are divided into two Parts. The firſt 
Part exhibits the Equivalent Decimal Expreſſions 
for all Fractions, (except ſuch whoſe Circulates run 


deep before they end) from the — to the 1 of an U- 


nit incluſive; which are found by Inſpection only. 


The ſecond Part, for the ſake of Brevity, exhibits 


only Tabular Numbers from = ih; >; with 
8 : 51 $2.83 99 
their ſeveral Equivalent Decimal Expreſſions. 


Their USE. : 
Let it be required to find the Decimal Fraction equal 
to 7 | | | 


Firſt find its Denominator 8 on the Top of the Tables ; 
then in that Column right againſt 7, found among the Nu- 
merators in the ſide Column, you will find ,875 ; which is 
its Equivalent Decimal Fraction, 


And 


CS] 


And after the like manner you will find that = 


1914285; And 17 = ,071428g 3 And 7 — 916 


. 


20 EX 0 5 | 16 500 2 © : ; 15 
: 571428; And — = ,058823 Se. And — = 
535714 17 05 23 49 


,020408 &c, And ſo on. 

Obſerve, Where the Decimals run deep, as at 55 = 
5 3 7 c. I there contented myſelf with placing 
in their ſeveral Columns the correſponding Decimals to each 
of them only; but any one, who is inclined, might eaſily 
find the Decimals anſwering to any of their Multiples, by 
multiplying either of them by the Numerators of their 
given Parts, according to the Laws of circulating Num- 


bers. For inſtance; let the Decimal of 5 be required. 


Firſt find in the Tables the Decimal of — ; then multi- 
ply that by 3 ; its Reſult ſhall be the Equivalent Decimal 
correſponding t 3 And if that Number found in the 


Tables was multiplied by 4. 5. 6. 7. 8. 9 or 10 Se. 
the ſeveral Reſults would be the Equivalent Decimals to 


4-3 6 - * Lor br, 
L242 £7 ⏑ f f i 


Again, Let the Decimal of 25 be required. Firſt find 


in the Tables the Decimal equal to 2 then multiply that 
Cc by 


6180) 
by 36; its Reſult ſhall be the Equivalent Decimal cor- 


reſponding 0 25 Which Infinite Decimal will alſo be 
the Square, or 2d Power of 857142 = 2 For the 
| "WE 2) | ko f 
Square Root of — = ; and = = „857142. 

, 1094: 4 23h His 


It is moſt commodious to. let the Vulgar Fraction given, 
be expreſſed in its leaſt Terms, before you find its Equi- 
valent Decimal one. And when it is ſo. reduced, if it ap- 
pears that the given Fraction is any Aliquot Part of ſome 
one Fraction in the foregoing Tables, we can from thence 
readily obtain its Equivalent Decimal Fraction. Thus 


Let Seo Fraction be 7 . Here - 75 is the 7 


144 114 
of 5 wherefore firſt find the Decimal Expreſſion for 


7655 then the = of that ſhall be the Decimal equal to, 


= 
— — 


114 
1 ; ; : | 113 | 4 
Again; Let the reduced Fraction be — *. Here — is 

* | | 255 #35 
the = of zr qwherefore firſt find the Decimal Expreſſion. 
tor 75 by the Tables; then the gth Part of that ſhall be 


the Decimal equal to — which being multiplied by 113, 
the given Numerator, this laſt Reſult ſhall be the Deci- 


11 
ma! equal to = 
255 


Hence 
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Hence then, by ſhewing the Uſe of the Tables, it is 
evident that we have obtained this farther Advantage, 
viz. a Method how to find the Equivalent Decimal Ex- 
preſſion to any Fraction, that is either a Mutiple, or an 


Hy : i 
Aliquot Part or Parts of any one Fraction from the = 


the 22 of an Unit incluſive, by the Aſſiſtance of the fore- 
99 . 2 
going Tables. 


It may perhaps be objected by ſome, That foraſmuch as 
large Circulates are not eaſily managed in Arithmetical O- 
perations, therefore I might have ſaved myſelf the Trouble 
of particularly entering of them. To ſuch, I anſwer, 
That there being no univerſal Rule, that I know of, but 
by Way of Eſſay, to determine how many Places of Fi- 
gures ſome Vulgar Fractions may require to compleat or 
form their Circulates, and having found thoſe which fall 


within the Compaſs of my Tables, I was willing to ex- 
hibit them there at large; that the Practitioner might the 


more readily perceive, in many Caſes, when it is moſt 
commodious to deal with Approximates, 1 


I take the Liberty to add the following Table, becauſe I 
think it may be very acceptable to, ſuch Perſons as would 
moſt correctly compute the Intereſt of 1 given Sum of 
Money, particularly large Sums, for any Number of Days. 
And for many other Reaſons, that might be aſſigned. 


2 4 TABLE 
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— — 
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ATABLE for tbe ready finding the erali Decimal Parts | 
| of a Year | Lad to any Number of 2 es 


Days. 1120 | Days. 


=,00547945 2 


, 01369863 50= 


: 9 88462783 


=,019178062 720 
8 =,021917808 |80=,21917808 
90 


=,002739726 Wafers 


=,05479452 


3 =,0082191 78 1 
| 1 =,010958904 40=410958904 


,13698630 


Mt =,016438356 60=,16438356 


,19178062 


224657 534 


Days. 


100 27307260 
200 D 54794520 


365=1,00000000 


I | 
2 of a Year =,5 


"2 


300= , 82 191780 5 


= ofa Year=,25| 


. 


F 


— ofa Year =,75 | 
4 75 |. 


— . — 11 


The USE of this TABL E is bus: 


— 


If the propoſed Number of Days can be exactly n 
in the Table, (under Days) their exact Decimal Parts 
are alſo found againſt them by Inſpection only. 


But when the given Number of Days cannot be found 
there at one View, then both They, and their Decimal 
Parts muſt be collected out of the Table at twice, or thrice, 
according as the given Number requires. 


— AEST. "I 
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As for Example: Suppoſe it were required to find the 
Decimal Parts of a Year equal to 299 Days. 
Days . 5 i | 
200. = , 47945203 YAdd theſe Parts toge- 
5 . ther according to the 
Then 90 = ,246575342 Laws of Circulating 
9 = 5024657534 3 


6 


Hence 299.=,8 19 17808 2 the Decimal Parts required.. 
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APPENDIX 


CONTAINING 


The Arithmetic of the Five primary RulxS 
in Decimal Fractions as commonly Taught, 


* 
4 7 r ” —_— 


— — 


CHA P. I. 
| \ Firaction is a Part or Parts of an Unit. 


A Decimal Fraction is when the Unit is ſuppoſed to be 


divided into Ten equal Parts, and each of thoſe into Ten 


more equal Parts; and fo deſcending in ſuch Progreſſion, 
that by a continual Decimal Subdiviſion, the Unit may 
be ſuppoſed to be dided into 10, or 100, or 1000, or 
10000, or 100000, Ws. Equal Parts, called 1oths, 
Tooths, 100o0ths, 1oocoths, 1o00000ths Parts of an 


Unit. 

A Decimal Fraction is now frequently diſtinguithed 
from whole Numbers, by prefixing a Comma before the 
Figure, or Figures, expreſſing the Decimal Fraction. 


Thus ,5 called 5 Tenths of an Unit; and , o4 called 4 
Hundredths of an Unit; and ,596 called 596 Thou- 
ſandths of an Unit; and ,00703 called 703 One Hun- 
dred Fhouſandths of an Unit; and ,00005; called 55 Mil- 
lionths of an Unit. 


The 
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The Denominator of any Decimal Fraction is determi- 
ned by Inſpection only: for it muſt, agreeable to the Di- 
finition ab ove, conſiſt of an Unit, or 1, with as many 0's 
annexed to it, as there are Places of Figures in the given 


Decimal Expreſſion. 


The following Table will beſt exhibit the Decimal Sub- 
diviſions of Unity, c. 
7. X of Millions. 
6. Millions. 
5. Cof Thouſands. 


4. X of Thouſands... | 
3 


'$4099/UT 


. Thouſands, 
8 


UNITS. 
1 Primes or Tenth Parts. 


2 Seconds or C Parts. 

3 Thirds.or Thouſandth Parts, 

4 Fourths or X Thouſandth Parts.. 
5 Fifths or C Thouſandth Parts, 

6 Sixths or Millionth Parts. 

7 Sevenths or X Millionth Parts: 


'$1011704J 40 $140 J [OWL 


1, The above Table ſhews, That the firſt Place, from 
the Place of Unity towards the Left-hand, is the Place of 
Tens ; the ſecond Place, the Place of Hundreds ; and the 
third - Place, the Place of Thoulands, and ſo on, being 


2dly,, That 


Whole Numbers. 


1 
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2dly, That the firſt Place, from the Place of Unity to- 


wards the Right-hand, is the Place of Tenths of an Unit; 


the ſecond Place, the Place of Hundreths of an Unit; and 
the third Place, the Place of Thouſandths of an Unit, and 
ſo on, being the ſeveral Decimal Subdiviſions of Unity. 


I am perſuaded that a little Reflection will ſoon convince 
even every common Reader, that as the Places of Whole 
Numbers increaſe or decreaſe in a decuple, or tenfold Pro- 
portion, ſo do the Places of Decimal Expreſſions likewiſe 


| Increaſe or decreaſe, in a decuple, or tenfold Proportion. 


Hence then it will naturally follow, that all the Opera- 
tions in Addition, Subtraction, Multiplication, and Divi- 
ſion, of Finite Decimal Fractions, muſt in every Reſpect 
be the ſame with the Operations in Addition, Subtraction, 
Sc. of whole Numbers. ns | 


I would have the Learner carefully obſerve, viz. That 

| a a bo 

as the Expreſſion ,5 is equal to -— = = = = 
10 100 1000 


, and ſo on, however thus varied. 
O F , . - i « 


Or as the Expreſſion ,04 1s equal to 8 2 
| h cn © 100 1000 


{ 


400 4000 
oo — =, and ſo on, however thus varied. 


10000 100000 
So from hence it is manifeſt, that if to any given Deci- 


mal Expreſſion you annex any Number of o's at Pleaſure, 
it neither increaſes nor decreaſes the Value thereof. 


Again, with Regard to Whole Numbers. 


As 1 = 32 — 299 _ 1090 10000 
| 10 100 1000 10000 


(187) 


20 200 2000 20000 


Se. 


Or as 2 — = — = — 


10 100 1000 10000 


500 5000 0000 Sooooo 
Or as 50 = — 222990 5 
10 100 1000 10000 


So likewiſe is it manifeſt, that if to any given Integral 
Number you annex any Number of o's, with their Deci- 
mal Diftin&bon between it and them, the Integral Number 
will ſtill continue of the fame Value as before. 

The Uſe and Advantage of annexihg o's at pleaſure, 
will appear in Subtraction and Diviſion. TER 


Dr. Wallis remarks, that the firſt Author who profeſ- 
ſedly treated of this Subject, was Simon Stevinus, in a Trea- 
tiſe (which he calls Diſine or Decimals) ſubjoined to his 
Arithmetic, publiſhed in French, and printed at Leyden, 
(in Chriſtopher Plantin's Printing-Houſe) in the Year 1585, 
which he had firſt written in Duzch, (and perhaps had 
publiſhed in that Language) and after tranſlated” into 
French, and ſo publiſhed it. Vide Hiſtory of * #gebra, 
Chap. 9. \* e 


This artificial Way of expreſſing any Part, or Parts of 
Unity, can never be top highly eſteemed. For how won- 
derfully quick would all the Rules incident to Arithmetic 
be gone through, if uviverſally all the various Weights, 
Coms, Meaſures, and Time, were thus Decimally ſubdi- 
vided. Iam. inclined to think, that three Months would 
be more than ſufficient Time for One but of a tolerable 


Capacity, to turn out a compleat Arithmetician in. But 


how much ſoever one might heartily wiſh for, yet we can- 
not expect or hope to ſee ſo happy, and ſo uniform an 
Eſtabliſhment, Therefore let us proceed to 


Dd CHAP: 
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. II 


ADDITION. 
B E careful to place Tenths under Tenths, Hundredths 
under Hundredths, and Thouſandths under Thou- 
fandths, c. as underneath :- And then proceed to add up 
the ſeveral given Expreſſions, whether Simple, or Mixt, 


as in Addition of Whole Numbers; its Reſult, when. 
marked off as below, will be the Total ſought. 


Examples, | 
iſt, Simple. 2dly, Mixt. 


n : (2.) (3.) 
15 | Zards. Cwt. 


23271 5159 174,5 
0714 7 96,704. 
51021 ; »1947 | 1,975 

\ + 30755, 298755 


57761 Total 2,04125 Total 


54. x 
8,578635;: 
282, 15763 5. 


CHAP. 
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C HAP. III. 
i SUBTRACTION, 


RULE. 


LACE Tenths under Tenths, Hundredths under 
Hundredths, Sc. as before raught. Then proceed 
to ſubtract the given Expreſſions, whether Simple, or Mixt, 
as in Subtraction of Whole Numbers; the Reſult will be 


the Difference ſought, 2 

; - l . 7 5 
%o / / (( 

Tt ms r = 379476 


Diff. „138 Diff. . Diff. 30,676735 


CHE 1m” 
UL TIPLICATION. 


RULE E. 


P. RO CEE D with both F actors in a every [ROI as 
A in Whote Numbers. 5 — 


AS to determine the Value of the Product, obſerve the 
following Directions. 


1ſt, Mark off as many Places of Figures for the Frac- 
tional Part in the Product, as there are Decimal Places gi- 
ven in both Factors. 


Ded 2 | 2dly, But 


(6190 


often happen, there are not 


2dly, But when, as it may 
the Product, as there are De- 


ſo many Places of Figures. In 


cimal Places given in both Factors, be careful to prefix as 
many os to the firſt impetfect Product, as is ſufficient to 
ſupply the Defect. And then ſet the Decimal Diſtinction 
before the Whole Expreſſion for the Product, as in the 3d, 


4th, and 5th Examples following, 


F 4 « 
9 
F "x 
* N 6 . 5 ” 
= © * * * £ 
1 8 0 * - dh 
, 14 ; , ; 
E 4 82 „ * 33 
- 
* 5 0 
CE * ” Q - 4 
” 4 1 > — * ” 
N * = - > 


Multiply 47,533 
by 5 
Product 237,915 


To. 


80 


wee ee, 


„0003 


n " 4 


Product ,0000527841. 


(5) 
r 
513378 
. col 
Product , 04506318 


— 


„„ 

Multiply 5,0125- 
by ,0- 

Product 3,007 50. 


„ 
Multiply „28 
»25; 

125. 


9 50 
Product ,0625, 


— en—_—__——_—_—_——— I 


(6.) 
Multiply 70% 2 
513378 
Product 4506, 318 


n * 0 


— 
py * 9 


— 


CHAP, 
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CHAP. V. 
DIVISION: 


R UL. E. 


ROC EE D in the Operation, as in Whole 
Numbers. And to determine the Value of the Quo- 
tient, abſerve the —— Directions. 


f e the Diviſor, whether it 10 wholly Integral, 
2 lixt, or Simple, conſiſts of more Places of Fi igures F 
than its given Dividend, be careful to annex o's at plea- Z 
ſure to the Dividend, fo as to continue the Operation until I 
the Reſult in the Quotient may come as Near. the In as 
Neceſſity may require. 


4 24ly, Mark. off in the C Quotient as many places of Fi- 
gures for the Fractional Part, as is the Exceſs of the De- 
cimal Places uſed in the Dividend, more than the Decimal: 
Places in the Diviſor: That is, the Number of Decimal : 
Places in the Quotient and Diviſor, muſt be equal to the 
Number of Decimal Places uſed in the Dividend. e 1 


zaly, When there are not Places of Figures enough in 
the Quotient to mark off for the Fractional Part, you muſt 
prefix a ſufficient Number of o's to the imperfect Quotient, 
to ſupply the Defect, and then. ſet the Decimal Diſtinction . 
before the whole Expreſſion, for the Quotient, as in the- 
3d, 4th, 8th, and gth Examples following. 


7 


Examples. 
a - Cheb Ws” (2.) | 
7 | 4865,3471 87,9471 a 
Quote 695, 495 -- Quote 175,942 


8 i — 


8 
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W 40 
8 | ,150472 1520017844 
1 Quote ot 889 Quote 4,00 1462 
| 1 „ 
Divide 475 by , oo 12 Divide 1 by „ 
„0012 4750000 »9 | 1,000000 
Quote 395,833 + Quote 1,11111＋ 
WT. „ 
429 | 479347585 D. 4 by 57,49 
441 


57,49 | 4,0000000 


Q 985221 384 Ge. = — 3 4494 
* 2 — . 55060 Sc. 
9.) 


Divide 1 by 48 


48 | 1,000000 


Quote 7008 3 | 8 
= | — 0 Ce. 
C HA P. VL 


REDUCTION. 


O reduce a Vulgar Fraction to its Equivalent Deci- 
mal Fraction, or near it, 


RULE 


* 7 . 
EI 1 > i: = 4s vw 
* * WI 5: py ka + 
S 8 7 
9 1 N - 
4 + 


F 
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R UL E. 


Divide the Numerator of the given Fraction, with a 
ſuffcient Number of o's annexed, by its Denominator 3 
the . will be the Decimal ſought. 


| Demonſtration. 


The Reaſon is manifeſt. For the Proportion is, 
As the Denominator of the given Fraction 
is to its Numerator ; 


So is the propoſed Denominator 10, or 100, or 1000, 
Sc. to its Numerator ſought. 


Hence then it is evident, if the Numerator of the given 
Fraction be multiplied by 10, or 100, or 1000, Sc. and 
that Product divided by the Denominator, the Quotient. 
ariſing muſt be the New Numerator to its Denominator 10, 
or 100, or 1000, Sc. 


Examples. 
(.) Reduce — to a Decimal Fraction: 
2: | 1,0 


3 Auſteer „5 Finite. 


(2.) Reduce 5 to a Decimal Fraction. 


— 


4 | * in 
75 Anſwer ,75. Finite. 


(30 Reduce g- to a Decimal Fraction. 
8. | 5,000. | 
5625 Aiſwer ,625 Finite. 


— —_—_—_—_—_ 


(4.) Re- 


— tj 


— * N 4 - , n 


; - op * a —— _ * Ko — 2 5 
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0 Reduce ce 54g to to a Decimal Fraction. 


640 3,0000000 5 


2292 | | Sn 
* Te Anſav. 200468 7 5 Finite, 


0046875 


EN” a” 
1E 


680 ture 25 to a Decimal Fraction. 
IT | 7,000000 4 
5636363 He. 


| Anſwer 636363 approximately. But where 63 would 
repeat infinitely in its . | 


(6) Reduce . to a Decimal Fraction. 


| 21 | 4,000000 
— 21 
„190476 Sc. a TI 


Anſwer ,1 90476 approximately. But where ,190476 
would repeat, infinitely in its Quotient. 


(7. Reduce — to a Decimal Fraction : Or, in other 


words, find the Decimal Expreſſion equal to One F arthing, 
a L. Sterling being the Integer. 


960 | 1,0000000 

— Se. 1 
40 CG. 
| Anſwer »00'TO04/06 . But where 6 would 
repeat Infinitely from the Place of 10000000ths in its 
Quotient, if the Diviſion was continued on ad In- 


. Tun. 


It 


* - * 
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It may be an agreeable Amuſement to ſome of my Rea- 
ders, when they are acquainted with the Management of 
Infinite Decimals, to find that the Decimal Expreſſion 


,0010416, being the Diviſor to any given Number of 
Pounds Sterling, will give in its Quotient their Equiva- 
lent Number of Farthings -mathemarically exact; and on 
the contrary, that the ſame Decimal Expreſſion, being mul- 
tiplied by any given Number of Farthings, will give in its 
Product their equivalent Number of Pounds, G. 


J muſt farther obſerve, that from the above Expreſſion 
might be compoſed an accurate large Decimal Table of 
all the intermediate known Parts of a L. Sterling, by mul- 
tiplying it according to the Laws of Circulates by 2, 3, 4, 
5, Cc. incluſive to 960. | | 


But, indeed, the following ſhort Table, by the Af- 
ſiſtance of Addition of Circulates only, will, in every 
Reſpect, anſwer the ſame Purpoſe. 


F. 8 AT As 


r 
— y- = q 
-. 4 Xa 2 N , 


+ 2 
1 


4 ATABLE of the Decimal Parts of a 
I L. Sterling. 
: 8. D. F. . D. P. S. D. Pp. 
9 7 ; PH Mauch after th 
4 x |,0010416| 91-0375 | 91,45 like Method 
2 ,00208 33 105041666610 = py with this, e- 
. = | very Practi- 
3 |,003125 |111-0453333|11|,55 | tioner might 
Eo 7" 36 7 | readily make 
2. =" s a Table of 
[ . „0041666 1 „03 13 65 the Decimal 
i . Parts of any 
1 2 |,0083333| 2],1 144˙% Integer he is 
4 |ouk 3115 15ʃ75 inclined to. : 
| 4 0166666 4|,2 1658 
5 0208333 5 1785 
1 6 „025 8. 
I 3 | | 
j 7 |,0291666 71+35 " 3 
3 | 8 0333333 _ 
A =; 
3 Uſe of the preceding Table, 
$ . 
* | Find the Decimal Expreflion equal to 10: 9 
1 L. Their Sum .. 
'E 1ſt, IO S. = 25 SD 1 . 
4 © FT 
Y s. D Q. 
1 Find the Decimal Expreſſion equal to 17: 3: 3 
f ; | L. | Their Sum S  B.-- 
E | 1ft, 17 . 2 „5 | | 
3 2dly, 3D. = ,0125 +> = ,865625=17 3 3 
| | 3dly, 3 X. =,003125 : 
'S 
+1 


n N 


£5 


The Reverſe Af FE laſt is, 


To find the Value of any Decimal Fraftion in the 
known Part or Parts of that Integer, to which it refers, 
whether. it be to Money, Weights, Time © or Meaſures. 


» "or 
. 


RUL E. 


Multiply the given Expreſſion by the Number of Units 
contain'd in the next lower Denomination of that Species 
to which the given Expreſſion refers; and fo proceed to 
multiply the ſeveral Fractional Parts only, by its next 
lower Denominations, until you come to its loweſt known 
Parts, and the ſeveral Products ſhall be the ſeveral Parts 
ſought. The following Example will make the Rule eaſily 
— | 


B 
Reduce, 865625 to the known Parts of a L. Sterling. 
in "6 | „ 8 
S. 17, 312500 | Anſw. 17: 3+ 3 


12 


D. 2 3125 x 12 D: 


2 3500 = A755 X 4 a 


See more ae in the Body of the N 
a 


| 
» AO 
of 
| 


. * 


n 1 
* 


A 8 Compleat, and eiern 81 8 STEM or 


* of D Amal ARITHMETIC; 


3 


CONTAINING, 


J. The whole Doctrine of Decimal N not only the 


Plain and Terminate, but alſo ſuch as Repeat or Circu- 
late ad Infiniium z and a Plain but perfect Management 
of bon, laid down and explained i in all the Fundamen- 


tal Rules of Plain Arithmetic,” and by Logarithms. 


II. The Application and Ule of Decimal Ari ie in 


all the Parts or Branches of Arichmetical Science ; VIZ, 
Vulgar Arithmetic, Vulgar Fractions, Duodecimal; 

and Sexageſimal Arithmetic,z alſo in Algebra and 0 
garithms, in all which its beer and ee Ne 


ceſſity is fully evinced. . 


III. The Application ark Uſe in all. mch Pd uf the 
Mathematics as abſolutely require its Aſſiſtance; viz. 
Plain Trigonometry, and the Arts depending thereon ; 
as, Navigation, Fortification, Altimetry, and Longi- 

© metry ; alſo the Menfuration of al] Kind of Superficies 
and Solid Bodies; and the Arts reſulting I . 


Gauging, Surveying, Se. Sei ee 


IV. A New and Compleat Sett of Decimal Tables never 


before publiſhed, ſhewing by Inſpection the Value of 
all Kinds of Decimals ( without the tedious Methods of 
Reductions hitherto uſed.) to four or fix” Places of Fi- 
gures; alſo all the Common Tables very much in- 
larged, corrected, and improved; wherein all the 


„Arculating Numbers ate marked. With all other Ta- 


bles of Intereſt, Annuities, Exchange, Sc. neceſſary 
to render the Work compleat. 


An exact AX accurate Cannon of Logarithms for 


TE Numb rs. And through the Whole, ſeveral 


* 


Things new and ue, not here Ges 8 
By BE NFAMIN MARTIN. 


Printed for J. Noon, at the White-Hart, near 25655 Chapel, 
in Cheapfide. BED DEC XXXV. . 
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